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‘TESTS FO R HYDR 


. HARRY H. HATCH,’ M. AM. S 


, on Cobble Hydraulic F ill Dam. The is 
of alinost al the formulas used in the e paper. In addition to. new w formulas 
and data pe pertaining to tests, the pa paper contains a consolida 
materials and a seepage formula for hydraulie- fill dams, it gives 
4 the results of the gradation tests made : at Cobble Mountain Laboratory of the 
materials of several other hydraulic- fill dams. 
— Its main object, however, is to arouse interes st among engineers connected 
ow with hydraulic- fill construction, with view of standardizing methods of test- 


ng materials in fill dams. Opinions differ; engineers each job 


devise : a different ‘method of testing; and it is time that a a definite top is 


taken and. a. standard ‘method developed in 1 making tests for this particular 


original manuscript, ‘is several times the length paper, 

is on fil for ‘reference | 33 West 39th 


Purpose OF THE Lanoratony 


doubt materials for different dams different locations are 
same, and many dams have local problems; but in the main a standard © 

method could be devised, su such as ‘is being used for cement and other materials es 


= construction, and, whenever necessary, this ‘method could be modified for _ Pa 


Notre.—Discussion on this paper will be closed in January, 1933, Proceedings. 


me of testing materials for ‘such dams not een 


1 Presented at the Joint Meeting of the Irrigation and Power Divisions, Yellowstone 
onal Park, Wyoming, July 7, 1982.00 
oe ? Engr. in Che., Cobble Mountain Reservoir, ‘Springfield Ww ater- Wo 8, Westfield, Mass. 
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Since the gradation curve must show the material that will go over to the - 


iat 
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local After all, 


hydraulic- fill dam are the same any ‘dam at almost any 
-Heretofore, the methods of | testing the borrow and core materials” 


hydraulic- fill dams have + not been along the same lines. Asa rule, the ao: 


nary sieve analyses have been mi made with the statement that a certain per- 


- centage of the ‘material is finer than : a 100-mesh or 200-mesh sieve. Often 
the sieves are not even rated ; for sieves finer than the 200 mesh the methods 


‘differ greatly, and as could” be expected, the results are not always entirely — 
reliable. i ‘The purpose of Cobble Mountain Laboratory was to make all the 


tests necessary for this kind of construction and also to establish a satis 


factory, ‘and y yet practical, method of grading the material finer than the 200- 


‘The fact the was established on the job proved of gre: at 
advantage in | keeping a _ close control of the borrow and tuieed materials of | 


coli making 1 the preliminary studies on. borrow- determination 


of the percentage of a critical size and also for making the gradation curve of 
the borrow material, one must have a ar epre esentative sample ‘the pit. 


dam, it should not include the large boulders in the pit that | will be left 

‘Particular care and special are required to secure representa- _ 


tive ‘samples | from the core of a dam during x its construction. At Cobble | 


- Mountain: the so-called projectile sampler, designed by the Staff of Murray and 


int 


SECTION THROUGH CENTER 


not, 
a hes Engineers, shown i in Fig. 1, was used. Essentially, it consists of: (1) A 


detachable container for the sample. (about 400 cu. em. ); (2) a casing contain- 


ing the plunger-valve s spring, with three openings for admittance of the sample — : 


= material; ; (3) a valve and spring operated by pull on the sash cord; 
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core pool. The sample, - taken out with the projectile sampler from a more or 

Tess consolidated core, will | be of 3 no value for the determination of moisture 

content or percentage of voids. It is almost impossible to bring out the 

in its original condition, with h this de device. 


The following method 1 was found 1 to be satisfactory for taking out —— 


jens original condition from a consolidated core. One 2 2-in., or one 14-in 
- Pipe (or a series of of them coupled to any length), havi ving the bottom covered 
with a canvas, was s lowered to a desired depth by means of additional weights. 
After making sure that there was 1s no water a at the bottom of the pipe, a Bi in. 
pipe was lowered inside the larger one. — ~The smaller pipe had a piece about 
1 ft. long at the bottom, which was beveled to a -cutting- edge. 


pipe: was foreed down (the cutting- piercing the into” the core 


4 ‘uncoupled. The sample was | out wooden piston, and was immedi- 
a itely brought to the laboratory where the moisture content and percentage — 7 


a The specific gravity of the materials is of great importance, After the: 


ov value of the specific gravity is determined de finitely, it should be » checked occa- — 


4 sionally to see whether there is any variation. _ The tests at Cobble Mountain — 


4a v were made essentially a as described® in. the method for testing ‘cement 


percentage of voids and moisture content are related, and they 

good idea « of the consolidation of the core. late Allen Hazen, M. Am. 


“The of voids” furnishes, on the whale, the best index con- 
__ solidation and stability. In itself, it is not an adequate basis of comparison 
_ because different kinds of core material may have different degrees of stiff- = 
ness with the same percentage of voids; but, notwithstanding this difference a 


the percentage of voids is the best index of consolidation so ‘far available.” 


The determin: ation of the percentage of voids, if j it is done accurately, is 
_ essential. It is readily seen that the unit weight (and, therefore, the acting 


and resisting forces) and the coefficient of permeability | of the different p: 
2 of a dam are directly dependent on, and the coefficient of friction is affected — 


bs the percentage of voids of its 
Bare A 


me: 2 at any depth and location in the core a sample in its original ‘edie: > 
- . with its orig zinal moisture content can be brought to the surface, the moisture 


= 


content of the “core in_ the dam at the at partie elev: ation can easily be 


compute Ins saturated. ‘core material all voids are ‘filled with water and, 


“Hydraulic-Fill Dams”, by Allen Hazen, M. Am. Soc. C. E., Transactions, Am. Soe 
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when the specific ¢ gravity of the known, the of voids” 
ean be computed by the formula, 


in which, equals pet percentage of voids; u percentage of w by weight; 
_ and, s, specific gravity of core material. "The computation i is s simple and and 


can be made readily, or the equation « can be interpreted into a set of curves: 
which values can be picked. 


Ty wo methods were used in the determination ‘of the percentage of voids” 
in the beach materials—the one for the beach material near the core limits, 


lita the particle sizes are small, and the other for the beach material near 


“the toes, w here the “particle siz zes are large. ate 


or beach n materials with partic le di: ameters up to about - 1-in., brass eylin- 
de rs, 4 in, in diameter 6 in lor ig used. end of the 


g 
-eylinder was beveled to a cutting- edge te to facilitate foreing it into the beach. = 


Each -eylinder was pressed into the beach and then removed with a shovel 
having cons iderable materi ial above e and below it. The ‘top and bottom of the 


mple w ere neatly cut with wire, g1 iving a sample equal in volume to that at 


the eylinder. The material was the n dried and weighed, and the pe reentage— 


For, larger partic ‘les near the beach, a steel pipe, 20 in, 
_ diameter and about 3 ft. long, open at both ends, w was used, At places where = 
the samples were taken the surface material was scraped devon to a level 


— 


— 


> 


ti 


undisturbed section the beach. The pipe was fe forced down by sledge 
hammer only 4 or 5 in. at a time; teen: the inside materi ial was s cleaned out 
ind set ‘t apart. Later, it was foreed dow yn a similar | distance, and the oper ra- 
tions continued until about 4 cu. ft. of "sample material was obtained. After 
it came out of the y pipe, the t test material ‘was weighed in the field and a + 4 
sample was brought to the laboratory for moisture- content, determination. — 
W ith this information the dry weight of the : sample in “or field w: 
Cal 
puted and the percentage of. voids determined. 
og —— 


— 

ds 

> 
mum 


240 
from Line of in Feet 


Percentage of Voi 


1G. 2.—PERCE NTAG or ‘Vorps ON A A SECTION OF COBBLE MouNTAIN 
- DAM at DIFFERENT DISTANCES FROM THE CEN’ TER LINE OF THE Cor 


to the fact that the beach mate erial is deposited by running water and that 


the core material held in suspe nsion is deposited by settling i in compar: atively 
still: w water. Fur urthermore, the material close to the: ore limits is more 
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TE ‘OR DAMS 
less uniform in size, whereas farther away from the core section. the beach 


material becomes a better gradat and, therefore, “smaller 


3 in dat t or Undoubtedly, due a 
ine reased weight above, the consolidation shown in Fi ig. 2 will be some- 

whi at increased as the dam is completed : and as the final set sai takes pla ice. 


A “method previously used has been to make the penetration tests in the - 
field by two strong men forcing | down one 14- in. pipe into the core as far as 


will go. = It has been stated that when the pipe is forced down, the core 


material at the elevation of the bottom of the pipe has» 50% Jo voids. 


"definition of “two § strong men’ ’ is rather uncertain, n, and it is doubtful whe ther 


— «50% voids could be, obtained for any two materials at the elevation of the 


bottom 1 of the p pipe, even if the force exerted by “two strong men” was con- 
stant and known. . Experience shows: s that the penetration of the pipe be = 


affected not only by the percentage 7 the voids in the core, , but also haf 
grain sizes and other physical characteristics of the core material. 


To obviate a any in n regard to the force to reach the 


to it. ‘complete operation was conducted for loading. In some 
eases, the bottom of the pipe was tied with greased canvas to prevent mud 


and water from getting into it, However, it was” found that the depth of 
-_ penetration was not “materially affected by the ¢ canvas at the bottom of the 
pipe. When the penetration limit was reached for any loading, the weights — 
were removed, bee samples from 1 the core by the pipe, 


deser ibed under ‘ 


was s discovered that the ‘total lond at the beginning the 

test, the x pipe would p penetra ite farther into the core than by | applying the s nl = 

total load in fractions at different intervals during the proc ‘ess of pene- 


tration, w when it took time to make the necessary additional connections and 


ab 


s increase the loading. n every instance, ‘the latter case gave about 2 o 
i is evident that there. is a distinct relation for the same ‘material 
the total load applied to the 14 L-in. an and the percentage of voids 
of the core material at the elevation of the bottom of the pipe. Once 1 this 


relation is established for any one “materi: al, will, not alw ays be necessary 


to determine the percentage of voids for ev rery test. 
Notwithstanding the personal equation both i in the field and in the labora-_ 


Ore tory the difference i in phy: sical characteristics, a the difference i in n the 


between the percentage of voids the ‘material and the total load 
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in which, Vi is s the percentage of voids, and b ‘the oad, in pounds, i 
the weight. of the 1}- in. pipe. As in the case of Equation (1) this formula a 
can easily be | expressed in curve form for easy” reference. alam winter, it was 
_ more convenient to carry on this investigation by building a timber tower 
_ over ‘the ice on the core pool, in order to facilitate the tate the operations necessary 


openings of a sieve given the or thet ‘exact. 
measurement, will not give the actual separation sizes of the material 
“tain rules | have been established to apply to the nominal mesh openings of 
sieve in order to obtain its actual separation; but it is desirable. to deter 
mine the actual separation of f the sieves used on the job for the particul 
material on hand. The shape other characteristics of am: ite rial will 
affect the value of the : separation. A sieve will not necessarily have. ‘the same 
+ separation size for different materials. | In fact, rating | of the s sane set of 
- sieves should be repeated from time to time as the meshes will wear and 
of the finer meshes will get clogged. 


4 The 200- mesh sieve is the most unreliable in this respect ; ‘it requires” 

constant watching. The rating ‘of sieves on ‘the Cobble Mountain Dam w: 


TABLE \RIATION SEPARATION Sizes or Tre TyLer Srey 


ty item Mesh No. opening. in values at 


= 


i 


millimeters 


used 


4.699 


2 


conducted along the outlined® by the American Water Works Asso- 


ciation. The variation in separation sizes is shown in Table 1. No. 3 


rating was checked by microscopic examination, and its variation was found — 
to be due to differences in in the of 


1 


= 


Ka mm., or about one- -tenth the particle sizes of the 200- mesh i 
_Elutriation by the decantation method, as described® by F. E. Turneaure 
and H. L. Russell, Members, Am. ‘Soe. C. E., has been used to analyze sand 7 


that passes a 200- ‘mesh | sieve. The tests at. Cobble Mountain made 


Manual of Water Works Practice, 1925 641. 


Water Supplies”, by F, K. Turneaure and Russell, 1910, p 


i 
4 
| 
| 0.32 0.372 | 0.381 | .... | 0.31 
q 
eannot be practical because of the lack of automatic control in operations r 
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ae because of pers rsonal equations: entering into the test, not to 
mention the slow process. Hence, it ‘became to develop a practical, 


a with reliable therefore, a practical apparatus elutria- 


tion was designed, and grading elutriation was adopted. 
Various types of elutriators’ have been used in laboratories some time, 


some of them dating: back to about t 1900. the first time, at Cobble M Moun- 


Providing Constant Contin Flow 


_ to Hold Water for 

tatic 


4 Smaller Particles Deposit Here — Cork 


Smallest ‘Particles Here - 


Overflow Jar 


(with a Flow of 48 Cubic 
Centimeters per Minute) 
a 


faterial Finer than 0.01 mm. 


im Suspension Here __ 


SLUTRIATOR TO SHOW OPERATION. pant 


4 tain an method was used in a ‘practical way for the control 
the core material of a dam under construction. 4 


a apparatus (see Fig. 3) consists of three glass cones: of, different sizes, 
ach provided with an inlet tube 3 running to the bottom and an outlet. tube 


‘running to the next cone. The first cone inlet tube has a connection to a_ 


glass ° funnel into which the test material is first placed. # From this funnel, 


: - the material is carried to the first, then the second, and then the third, cone 


_ which has a connection to a glass no nozzle that discharges the overflow into a 


8-202, 
i 


pers 
ling 
>. 
was 
ywer 
sary 
4 
xact. 
s of 
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4 
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With the arrangement of the ‘inlet tubes, a rising column of water is 


_ created in every cone, each with a different velocity, due to the different cross- 
seh of the cones. When the sample is w ashed through the glass funnel 


into the first cone only the larger partic ‘les settle because at this | point: the — 
water has its its greatest velocity. The smaller particles are | earried over i inte 
4 the next cone. — Similarly, the same action | takes place in the other “cones, the | 


particles settled in them having a definite relation ‘their areas. The test 


is continued until the overflow discharge becomes almost clear. At the end of 


a. ‘the run the particles at the bottom of each « cone are recover ed by a 


of filtration through alundum crucibles under vacuum, | and the, 
is floceulated with chemicals and then filtered. 


The Cc ‘obble Mountain elutri ator Ss units, so that four tests ean be 


‘run at the same time. the units are ater in a steel tank. 


Th flow « of the water through the 


which the he ad is constant, attached | to ‘the ta 


and the circulating pv pump keep. the water at a uniform ‘tempera- 
ture throughout the tank and in the > cones. — With a correspondingly longer 


tank, almost any number of elutriator units can he — many 


tests run at ‘the s same time. 

r 

~The eltriator is derives ed from Stokes’ law" 


he 2 (Pp — Pi =P) 


in which, v is the velocity 


Pi, density of Tiquid 


seconds = 981; r radius of par 

4 


viscosity, in poises. 


1 For, work ing purposes, the flow through the elutria ator tubes: should be 


expressed in ‘cubic as per minute and the diameter of the particle 

in millimete rs. Then, 60v = 60 


cubic centimeters per minute 
therefore, 


4 


bic centimeters pe per minute 60 x 2 O81 | 


centimete rs ~ 9 x4 x 


Without appreciable error values of specific ¢ ot 
density can be substituted for Pp and P;. Let = 2 for Cobble Mountair 


material, and P; = 1.00. Then, Pp, — P; = 1.7 this value in 


0? rs, by G. Stokes, Vol. In, p. 60, Cambridge 


—— 


| 
: 
+ 
7 
; of fall, in centimeters per second, Pp, density of | 
. ; g, gravity constant, in centimeter-gramme- 
and n, coefficient of | 
4 
q 
mm 
— q Univ. 
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in 
which is the. elutriator formula. By inserting ‘the ‘actual values of the flow, 
area rea of the tube, and the coefficient of viscosity, in ‘Equation (5), the diameter _ _ 


of separation can be computed i in millimeters. 


a Instead the viscosity coefficient, it is proposed to use the temperature 
—, in degrees Fahrenheit The re een the coefficient 
of viscosity and — is constant; th relation 


from: 0.01274 to 0.01311. fora range of temper ature from. to 90° F 


: The average value of 0.01296 was adopted to apply to. the range of working 


Substituting for quation ( 5) the value from Equation ( (6) and 


60 


s the aoe. used at Cobble Mountain: Reservoir. 


roscopic “measurements “were made at hydraulic- fill laboratory, and 


their values for the constant, 0.015 2, in ‘Equation (7) were: 0.0155, 0.0154, 
0.0172, 0.0163, 0.0157, 0 0.0155, 0.0157, 0. 0151, 0.0165, 0.01: 51, and 0.0161. | The | 
average _of these ley env values is 0. 0158 compared. with 0.0152 as computed. 


# he difference, which is. probably due to shape of particles, is ; negligible; and 
two results agree s satisfac sfactorily, 


Stokes’ law gives ‘the constant falling bodies with a certain, 
diameter through a a liquid, whereas, this case, the s same law applies” to 
4 bodies | of the “same "diameter held in suspension by, or resisting the upward 


flow of, the same liquid, having, of course, the relative values given ine 
7 eH In 1 order to obtain reliable 3 results for a test, Is necessary that ‘the flow | 


(Gn cubic. centimeters per minute), and the temperature (1° Fahr.) factors 
of Equation (7) should remain constant: during ‘the run of the test. The 
weir, box furnishes a constant head, and a desired uniform flow can be had 
throughout run from a small. quantity to about, 80 cu. em. per min, The 
heat control can be set to a desired temperature, and it will work automati- 


cally to keep the water at that constant temperature. The circulating pump, 


square 


= 


of course, will insure a uniform temperature for the 1 rater throughout. oe. 


T net cross- ‘sectional areas of the cones are: 65: = 20. 81; 


and, A = 85.00 sq. on m. ‘With, flow of 48 cu. em. per and t= 


thr., Equation will give, to nearest 0.01 mm. 

= ape eat ag d, = 0.04 mm. for first stage, , the smallest cone, 
0.02 mm. for second stage, the middle cone. 


a= =z mm. for stage, the largest cone. 
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the separation sizes ‘constant in case of any 


giving a y in n Equation (7). It is seen from— the 


formula that d varies as the square root of the flow. Then, by adjusting — : 

the flow to desired values, separation can be determined for corresponding» 


” As a practical procedure, however, this is not advisable. < Duration of the 


test varies inversely as the flow. UA flow of : 48 cu. em. “per min. will give a 
lowest: separation of 0.01 mm., : and the actual 1 run of the test. through the 


Aetalaies will take nearly four times as long for a separation to a al 
of 0. 005 mm. Of course, according to the formula, the law will also hold for 


“higher fi flows—no doubt, within limits—with larger separations and less time. 
The results obtained by the: ‘elutriator are reliable e especially when they q 
checked now then by microscopic examination. . This method is a 
great improvement in the accurate and rapid determination of grain — 
— 200- -mesh other methods v used heretofore. 


Microscopic measurements involve assumptions which perhaps 
= exact and which may influence the ‘results, and yet it is the most st reliable 


method available for ‘observation and checking purposes. The microscope is 
--very useful also to observe and study the shape and ‘other characteristics of 


Periodically, microscopic measurements of the separation of the § 200- -mesh 


sieve and also of the three stages of. the elutriator | were made at Cobble — 


Mountain in accordance method outlined’ by Professor Lincoln T. 


The most r rapid 1 method, with reasonable accuracy, in determining the 


sizes finer than the -200- mesh sieve, known to the writer, is by means 
of -hydrometer developed by Dr. G. Bouyoucos.” Within almost 


an hour, one- third of the minimum time necessary for ‘the elutriator, an 


analysis can be made of a soil sample by this method. The apparatus T required 


is very simple and its ‘cost is is almost negligible compared with that of the 


-elutriator. ‘This method has many advantages, and it is being used in many 


places as the only means of determining the grain sizes of soil particles. = 


The hydrometer i is so constructed that the graduation on its stem at tie 


‘surface will indicate the number of grammes of. soil in suspension per 
liter of water at the center of bouyancy of the hydrometer. As. a precaution, 


however, the readings should be checked with various predetermined quan- | 
adings checked with 
tities of ; grammes of soil per ar liter of water, or with solutions of known con- 


 **Methods of Particle Size Determination” oy Lincoln T. Work, Proceedings, 
Soe. for Testing Materials, Vol. 28, Pt. II, 1928, p. 780. =~ hai hee 
be “10 “Directions for Determining the Colloidal Material of Soils by the Hydrometer — 
- Method”, by J. G. Bouyoucos, Science, July 1, 1927, Vol. LXVI, No. 1696, pp. 16-17; and © 
“Making Mechanical Analyses of Soils in Fifteen | Minutes”, by J. G. Bouyoucos, Soil © ; 
Science, Vol XXV, No. 6, June, 1928, pp. 473-480. 
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4 centration. m. The ing upon which this. method based follows also 


wry. 


ant 


1.00, g= = . 981, 


7 
can be obtained ‘tables of coefficients 


of viscosity ; hero, it + addy remains to find the value of v for the deter- 


a » __ Distance, in 

At dd different time intervals observations are made of the concentration 


"grammes of soil x per yer liter of water) of the s suspension at the hydrometer center 
= of buoyancy. From the beginning of the test to the time of any ‘observation, 


during so many seconds, particles having diameters: larger than a certain 

4 ‘critical size are traveling by, or particles finer _— that critical size are — 7 

de ‘suspension above, the center of f buoys ancy. traveled distance is 


_ Hydrometer Reading; Gramsof Soil Colloids per ine 


— —— 


v 


50 

‘al 

40 

| 

= | 


10 13 


Depth; Distance from Surface to Center of in — 


SHOWING DISTANCE FROM or BuoyANCY TO. SURFACE, 
4 
PER LITER. 
~ 


taken from the eer to the buoy rancy center, but this is constant 

“for different concentrations of ‘a suspension; neither is it necessarily the 

same for any two hydrometers. each hydrometer a curve similar to 


should be the distances obtained from Fig. 4, and 
time, in seconds, as observed, the -yelocity is computed. and Equation 
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TESTS FOR HYDRAULIC-FILL ‘DAMS a ers: 


The hydrometer has bead designed f for a water temperature sof 67° Fahr. 
= 19.44° cent. If water is used with another temper rature it will be neces- — 


sary to. make a 1 correction. due to. ite cha to the 


in whieh, is hydrometer reading at 19. 44° cent.; gray 


. density of w ater for 19.44° cent. ; Pr density of water a at t° cent.; : i Ri, 


drometer re reading at cent. 


‘The is the ¢ to be. applied to the 
of the hydrometer | at any temperature. ~The water has a maximum 
- density at about 4° cent., and it decreases gradually as the tempers ature rises ses. 

The . density of water below 4° ’ cent. — fact, below that of the w vorking tem- 
perature—need not be considered. Whenever the temperature | is below 19. 44° 
-cent., the correction will be negative, or with a minus sign, vice versa. 


‘The correction term can be plotted for at any value of specific. gravity, from Z 


hye at different: 
2 reading gives 1 the weight of particles finer than those of d for which 


_ the series: a made. This weight, divided by the total weight of the 


overcome by the use of a deflocculating agent (such as, ammonia or sodium 
oxalate). local “materials: which showed a very slight, or no, tendency 


te floceulate, a fixed quantity (5 cu. em. per liter) was used satisfactorily. i) at 


GRaDATION Procepure By Stevinc ann Hyprofterer 3 
The he apparatus require ed for rading material by tl the sieving an 


meter method follows: 


aaa gyratory riddle with nest of T yler sieves (Mesh Nos. 4 ry: 14, 98, 
One glass cylinder graduated to about 1100 cu. em.; 4, 
One hydrometer graduated in grammes of per liter of 
-: One centigrade thermometer (— 10° t 
ting stop- 
wash bottle, balance, drying oven, ete. 


Some their 
the material is in pure water. most cases this may 


— 
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| 
— 
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TYDRAULIC-FILL DAMS 
=~ we 4, 
‘The _treatme nt entails five steps, as 


4 
— Determine the moisture content of the moist soil sample to be 
eigh out ‘the amount necessary to give about 35 
Ss 


—Place the sample in the stirring cup, washing out all particle 
from the weighing container with water; and fill the cup 
4 three-fourths full with water and add 5 cu. em. ats ammonia or 
sodium oxalate (Na. C.0,). Experiments with 
showed that the 5 eu. em. of dispersing agent g ve satisfacto 
-_—- the cup in the stirrer, and stir for about 10 min. ae a 
— Wash the materi ial through a 250-mesh siev drying the coarse 


-Make a sieve analy sis of the coars Nos. 4 8, 14, 


28, 100, and 200). 


is prepared for the hydrometer yun o steps, namely, 


Add the — 200- mesh material ina the dry sieving to the — 250-. 
‘mesh material in suspension from the preliminary ‘washing; and - 
; i—T ransfer the suspension to a liter graduate and fill with water to ' 
a volume equivalent to 1000 cu. em. plus the volume of soil used. - 


‘Then, the hydrometer run es four final steps: 


ole Agitate the su suspension | by reversing about ten. 
covering the opening with the palm of the hand. 
4 af Ry — Set the cylinder on a table and start the stop-watch ‘insist. 
ace:the hydrometer in the cylinder. | 
if the hydrometer at 1, , 2, 5, 10, 30, and 60 min., taking care 
- to keep the hydrometer s stem wet so ‘that observations are taken 


similar menisci, 


Computation. —A comput: ation based on an ‘Sample 11, 


Test 11416, will be used to illustrate procedure: 
Moisture Content, p 1: Ri cy 


ae 
et material er srucible = § 


= 12. 


et 


ercenti dr y materi: 


dry weight was 80 x 0.7 


‘The w eight of the +  250- mesh materi: al to be sieved i is 40. 63 grammes. The 
analysis “of the sample given in Table 2, ‘shows that 40.57 ‘grammes 


- ‘recovered i in the sieving. In other words, 40.63 — 40.5 
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‘TABLE 2.—ANatysis OF MarsrIAL ON A 250- Suve 


Mesh | N in Gramn es Cumulati me: lati 
| Separ: mmes umulative umulative per- 


Hydrometer Run, Steps 8 to Inclusive: 
‘The arrangement of observations and iy sacra for Steps 8 to u, 


~ Reavp- | Velocity, 


Tempera- 
a Elapsed “ture, in. Distance, | in 


Diameter, Per- 


in centi- |centimeters| ‘in milli- centage 


minutes grees meters |—————— n | finer 
| 27.3 | 11.95 0.199 3 025 | 0.0467 | 46. 
0.109 | 1.025 | 0.0345 | 33.3 
10 19:2 | 90 | 8.9 | 14:95 | 0.0249 | 1.025 | 0. 0165 | 15.1 
| 19:0 | | 15.50 | 00089 | 1030 | 0.0097 | 10:0 
These These values (Table 3) are computed, as follows: 


Column (2 Observed. 


Column (4) ... From Equation 
- Column (5)...... cue From Column (3), Table 3, and Fig. 4. 

o Column (6).......... From Columns (1) and (5), Tabl 


and Equation (9). 
a Column (4) Table 3, | divided y 


san sample (59.06 grammes). 


- 


Plotting. the hydrometer grading, together with the sieve analysis 
; showing the particle size, in ‘millimeters, against t the cumulative percentage 
“passing a given size of sieve. (See Fig. 6. ) From the grading curve pick off 
“1. 


10% (effective) size, and the 60% size and compute t uniformity coeffi- 


cient, — latter b the f 

by the ormer. 


RI 30 or ELUraiaton AND HyproMeTER Resvurs 


eurves, in the lower limits, are above of the elutriator, hes 


showing a higher percentage of finer Fi Pig. 6.) "Logically, 


~ 


1 


| = 
— 
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Temperature in Degrees Centigrade 


~ 


Fic. 5.—-RELATION Ber 


gen 


Effective Size 0.011 
60% Smaller than 0.065 

| "Uniformity Coefficient = 5.9 


centage 


ere 


J 


0.05 0.07 (0.10 0.30 
iam meter in Mitimeters 
Fie, 6. ~—-COMPARISON OF GRADATION BY THE ELUTRIATION AND 


c reading. This also would result ina 


“curve. there is a ‘small ‘amount of sedimentation on the | 


the hydrometer weighing ‘it and causing a smaller hydrome ter 


application of a certain correction to fandamental formula « of 


contiguous to cylindrical ass wall, Fo or “by sedation 

law gives 
a ventionl mov ement af the particles; their diagonal motion, . if any (especi. 
ally in the lower | er portion of the gradation), \ w ill result in ay 


values. ty Dr. Bouyoucos suggests a correction of —1 for hydrometer readings 


Both the -elutriator and “hydrometer_methods are on Stokes! law 

_ which considers particles as spherical in the derivation of the formula, and © 


nany flat bodies in the sample will give unsatisf results i both 


The hy drometer method described herein will nm + reasonably accurate 


results, at least for the gradation | of hydraulic-fill dam materials, for readily 


dispersible and granular soils. _F ‘ndoubtedly, this me thod is very useful and 
of great assistance during periods when the results are necessary in the 


- shortest time possible. Due to its many advantages it has ‘become ver y popu- 


lar and is being used i in almost every soil analysis laboratory. - However , the 4 


method of carrying out the test has not been standardized, as ev idenced by 


discussions with other engineers and in the comparison | of results obtained 
the same soil sample in different laboratories. The tests at Cobble 


Mountain Laboratory were according to the theory and method 


4% 


‘The ‘standard “turbidity teat be used in estimating the per- 
centage of a \ certain size of fine particles: ina sample. a This i is only a rough 


approximation, and since the introduction of the aforementioned hydrometer ¥ 


~ method it has lost its value. Tf no no hydrometer_ ean be. obtained, however il 


the turbidity method may be used to advanta e. 
Curves of particle diameter “against "distance below Ww ater _ surface 


the corresponding r readings of turbidity, i in parts per million. 
turbidity ‘readings will depend on various factors, euch as: 1) The 


of the observer, especially the eyesight; (2) the intensity 


intervals, t, fine Bag On the right-hs bend side of the diagram are show wn 


should be the reverse, as one would think that some of the fines would § 
ser 

= too 

| 

a 

— 

| 

i‘ = r = ture, 10° cent.) surface after ¢ min. of settling. In Fig. 7 the two horizontal — q Dp 
| 


October, 1932 
of the | daylight, or the lack of its shadows on sample; the shape of 


the “particle in suspension, n, whether spherical or r flat; (4) the color of the 


= (5) presence of « organic ‘matter in the sample; (6) temperature effect ; 
and @ flocculation of the material. Even with these factors however, for 


the same 2 observer and under identical conditions, there will be, according 
Fig. | definite relation betw een percentage under a certain size of 
patie and d the turbidity reading of the same material. pete 


ter Surface in Centimeters 


4 


Distance below Wa 


0.03 oe 8 Coo 0.06 
Particle Diameter in Millimeters 


CURVES SHOWING THE REL ATION SET WEEN TURBIDITY AND STOKES’ 


> the percentage finer than 0. mm. used as a criterion, am 
was made- find the: rel: ation between that percentage and the 


7 — reading of ‘the s same materi: al. The apparatus and the method of pro- 


e same as that: used by the United States Geologic al 


The original concentr: ition can be » expressed in gramme s of soil | pe r liter 
“water. ‘The turbidity r reading i is in parts | per million and this is reduced 
grammes per liter. This, then, divided by the original concentration, gives 
of original “soil held in suspension cat the of 
a ' careful analysis of the same soil sample is made by a dependable method _ 
“gradation is plotted. he percentage, from the gradation. curve, 
finer than 0.01 mm. is divided by the percentage of turbidity, and the result 
is ealled the turbidity fs hen the percentage of turbidity and the tur- 


__Bidity factor of the same type of material are known, the e product of the two 


Unless" the material is completely broken up in ‘the concentration while 


the turbidity i is being taken, the turbidity reading will be very low. 7 In s 


‘Measure ment of Color Turbidity in Water” Circular 8, Div. of Hydrography, 
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complete dispersion of the ‘material i in was as high as times 
values obtained before defloceu lation. (See Table 4. 
Readings were made 2 min. after the stirring had stopped. Various tur- 


bidity readings of the same sample were taken at intervals v varying from 30 
tol hour after the stirring had stopped, and it discovered that there 


TABLE 4.— Factors oF Various Saurus ES” ‘iT ESTED ar Cops. 


REsERvorR» For PERCENT. AGE or PARTICLE Sues Fiver 


ale 


| Rocky River, Conn 
Saluda, 8. C 


‘ Swinging Bridge, N. Y 


Westfield, Mass 
West Parish Filters, Mass... 


was , only, a slight difference in the turbidity ‘readings during the first hour of 
“settling after the first 2 or 3 min. Evidently, the large particles, in the e early 


“stages | of settling (which were above the e platinum wire) had only a slight 


is present near the in almost all borrow-pits, and 
shallow pits” will have a higher percentage than the deep ones. As a rule 


surface soil of a dam site is ‘sluiced, especially within the core area, and 


contains a high percentage of organic matter. The surface soil at the site 
of Cobble Mountain Dam 1 varied from scarcely any to about 6 6 ft. in depth, 


and the average of sixteen samples showed about 8 per cent. 
The determination of the percentage of organic matter is one of the 
import requirements. The organic matter that settles n the pool with 


the core material is usually very fine. Tt will tend to prevent the drainage — 
“of the core; it will affect the determination of the percentage of voids by 7 
moisture content. and possibly the percolation results; and it is often 


_responsible for loss of material during elutriation tests. . The effect of organic 


‘matter on ‘computations of | the percentage | of “voids (Fqnation (1)) may be 

— 


— 
of the tests made at Cobble Mountain Reservoir of foreign samples which 
@ a 
i 
» 
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"and, 


or, from Equations (12) and (13), 


in 1 which, Vo the percentage of voids observing ‘effect of organic matter; 
Vip percentage of voids neglecting ‘effect of organic matter; Bo, specific gravity 
of ors ganic 1 matter; si, specific gravity of soil particles; a, percentage of 


organic matter by weight; W , weight | of sample, 3 in grammes; and B, volume > 
oceupied by sample, in cubic centimeters. The last term on the right-hand 
pt of Equation (14) isa | correction | because of organic matter t to b 
the. computations of percentage of voids, as ordinarily computed. 
Assuming that si and = 0. (4 


= Vi — 3.58 | 


| 
of “organic: matter, according to Equation’ (15). instance, for 
% _ ore anic: matter (a= = 3), with computed pereentage voids, 
—«V, = 58, it is seen that the actual percentage of voids is only 48. In other _ 


words, of organic matter in core material makes a difference of 


This not reliable, ors the is run carefully becuse minerals 


may decompose during the 1 test if the sample is overheated, thus giving higher | 


organic was discarded later since reasonably. accurate ‘results 

could be obtained more re easily and in a shorter time by igniting a sample. ae 
Colorimetric tests for the determination of organic matter, similar to 


those made ‘organic impurities in concrete sands, were tried. 

to the fact that the “cores of hydraulic-fill dams have a higher percentage of 
7 org anic matter than concrete sands, a smaller ratio of sample material was” 
used. | It t may be possible to shorten and simplify this method so that it can 


“be used to advantage in n the determination of organic content of 


7 Ww ith due respect to the difference in opinions ‘regarding the many factors 

eting the suitability of the core ‘material other than its size gradation, 

the writer believes that one of the most important. “criterions to decide this 
"suitability is the grain size and the gradation of the core material. _ lial 

_ TT here has been much controversy among engineers i in regard to the proper 


es of the core» material for hydraulic: -fill dams. ‘Every engineer who has 


> 
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organic matter been neglected. Equation (15) will apply for any other values = 
of si and so and for their different values curves can be plotted to facilitate ° 
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at the sizes of his core are the 
proper ones ‘to be used. — Unfortunately, every engineer has his own method — 


of determining gradation, and the question. arises to whether the different 
‘results give a 


umer 


fill dams were 


es 


nt 


| 


3 


005 0.0L 0.03 0.04 0.05 0.07 0.10 0.20 0.30 0.40 (0.50 
4 


ANA ALYS SES, 


4L 


ing 
tion. The shown for this is that ‘of ‘the 1 before failure 
The heights of these dams are: Blue ‘Ridge, 170 ft. ; 


240° ft ; Cobble Mountain D Dam, , Mass., 263 ft; ‘Conkling N. 95 ft. ; 


Garza, Tex., 80. fte; : Gatun Dam, Canal Zone, 115 ft. 


110 Cambria Steel Company Dam, Johnstown, Pe. 95 ft.; City L 
‘Johnstown, Pa 70 ft.; Rocky River Dam, New Milford, Conn., 92 ft. 


8.0, 208 ft.; : ; Sherman D: am, 1, Monroe, Mass., 100 ft Somerset t, Vt. , 110 ft.; 
Swinging Bridge Dam, Forestburg, N. Y 135 ft.; and Wichita Falls, ' Tex., 


Searcely, ever, will the core ‘material of a hydraulic- fill dam 

same grain sizes ‘and gradation throughout the body of the core. One sample, 


ora few samples, of any cor re will ‘not necessarily correspond to a _represen- 


-Calaver: as, , Calif., 


ts 
fous samples of core and borrow materials from important hydraulic- 
secured and tested at the Cobble Mountain Reservoir with a 
| | 
_| | | A/ A | 
tmz 
gg 
| 
4 
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tative aver age of the entir 
make f and numerous gra in order to obtain fait 
average gradation curve for the entire core of a dam. ‘The writer doub 
whether the gradations | given in the summary sheet (Fig. 8) will really repre 


_ sent the average of the entire e core of any d dam represented by the analysis of 


one of its s samples Unfortunately, it was impossible to secure the desired 


number of ‘samples for every dam. Otherwise, the summary sheet, ~Fig..8, | 


is believed to be of real value for a comparison betwe een various core material | 
gradations, since no error is present | due to difference of method and to per ro 


sonal equations. It is well to call attention here to the fact each 
engineer plots g er: curv es differently. The gradation plotted in the first 


quadrant, with “diame ‘ter sizes, in millime ters” ine reasing from left to eo 


as “abseissas and ‘ “perce ent: age of material finer by wei eight’ asing from 


The beach ma of hydraulic-fill dams consist of 
and gravel. The coefficient of friction. of these materials is of great impor- 


tance in n design, but, unfortunately, no iat = are available, 


> 
~ 


— MINING. (COEFFICIENTS OF FRICTION. 


‘tor wry the mt of friction of materials 
re ‘obble mtain ig. 9) was, specially designed f for the purpose. It 


— 
| 
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‘consists of a rigid steel frame, electrically welded “throughout, weighing 
2 tons. ithin this frame the essential working parts (labeled 
“Fig. are, as as follows: Vertical pressure i is applied to the materi within: 
sample be boxes and (2), by means of the loading block (3), which, in 
turn, gets its force from the piston shaft (4), operated by water under pres- 
within the cylinder hydraulic pressure is obtained by a 


_ hydraulic hand- -pump (11), by way of the feed- -pipe The horizontal 


force requir ed to shear the sample i is applied to the upper box (2), in : a similar 4 
‘manner by pump (10), feed: -pipe (16), horizontal cylinder. (6), and piston 
shaft (5). draulic pressure in both the horizontal and vertical gh 
a recorded on 1 500- Ib. pressure gauges (8) and (9), respectively. oi ~The verti- ol 

‘eal cylinder is mounted on a car riage holding rollers (13), , to permit q > 
horizontal movement as shear takes place. As the piston within the 

moves =p either direction, water is forced back to the pumps through return | a 


pipes ( (15) a and (17), for further use. i 
procedure for determining coefficients of friction i \ 


(a) W eigh out about 100 lb. y weight) ‘de | and place enough 
of it in the lower sample box q@), agitating the material i in the box under 


it 
water for complete saturation. 
om (b) Place the upper half of the sample box (2) — position and con- 
tinue placing the sample 1 sss fea sa the the top of t ‘the box in the same ‘manner 


Sire 


(c) Allow the ‘sample to drain partly for 5 to 10 min, Place the 
lo ading platform (3), leaving sufficient clearance between the platform and | 


(d) Take measurements | of the height o of the sample in | the box and record. 


(e) Appl; ly the > vertical al load (4) gradually « on the sample, to pressure (9) 


pie 


Release the vertical pressure, apart about 


in. , and leave them blocked 


(h). Apply. vertical pressure as in Step (e) and allow the to con-_ 


Remove the blocks between the sample boxes. =| 


(j) Measure the height of the compressed sample material (for 


(k) Apply pressure slowly by means of the horizontal piston (5) to the | 


a, 


upper half of the sample box until, there i is no increase in the p pressure observed 
on the corresponding gauge (8); ; any additional horizontal pressure at 


point w ould cause the upper box to slide “which wouk 1 indicate that the 


(2) Observe both the horizontal vertical (9) gauge reading: 


— 
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tm } a 
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horizontal gauge reading 


friction = the” 43 of voids i is 


B s, the 
om: aterial ; and W, the dry w weight of sample. 
Release the p pressures and remove the sample. 


Make ok coefficient of friction tests, 


(p) Pk 


cal pressure, it in per. square inch, as 


4 


| 
4 1.06 


= 


Stones from Bank Gravel and 60% Coarse Bank Send | 


= 


Coarse Ban 
e Ba k Sand 


Vertical Pressure in Pounds per Square Inch 


Fic. 10. —COEF FICIENT-OF-FRICTION CU RVES FOR 


rves resulting from about 550 coefiicient- of: friction tests at Cobble: 

Mountain Reservoir, are given on ‘Fig. 10. It will be seen that the coefici ient 
not constant, but is expressed | by the general formula: 


= 
October DAM 1323 
(m) From the foregoing records compute: 

a 

n 

it 

a 
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e 
in which, C is the coefficient of friction; /:, the constant vertic: al pres- 
‘sure in pounds per square inch; and m, the exponent of 
It is further seen that k:, the constant for any one material, varies from 
0.66 to 2 20, and that. values of. m, the ex exponent. of range 0. 005 to 
0.20, depending on the characteristics of f the material t tested. 


Due to ‘the fact ‘that the beach 1 materials of a hydraulie-fill dam are pli 1c ved 


by water and that. after construction they are never absolutely. dry, the test” 
_ materials were placed by water in the s sample boxes, and, after draining all 4 | 
4 free water, the tests were ted while the m iteri jul was wet. 
given in Fi ig. 10 are » based on the foregoing conditions. — 
Although primarily, interested in rient-of-fric tion v: alues of the | 
beach and core materials of Cobble Mounta n Dam, m more than 200 tests were — | ¢ 
“made on outside materi als consistin ng of various loc val and foreign samples : q Siw 
of 1, gravel, crushed trap-rock and screenings, and Ottawa sand. The | — 
of sanc » grave crus 1e trap- rock an screenings, an ttawa ‘sanc 1e 
for the materials in question | are affected by their particle s sizes, 
7 hardness, percentage of voids, moisture content, particle shape, and gradation. . a 
‘The conclusion draw n from tests at C Yobble Mountain R ese rvoir is 
that, other factors remaining the same, for any given material é 


, highe values 
of the coefficient of friction are obtain ned by: (1) Larger particle size es; (2) 
harder materi smaller percentage voids; ( (4) drier materi ial; 


of more angular shapes; and ( better graded mate rial, 


_combinatio on of Factors (1) and (3). 
‘sh 


~The tests conclusively that larger particle s gave Ler coethi 
i cients of fri on. The interlocking effect of stones seems important » oF 


factor. In ~e rock toes of Cobble Mountain Ds am V where dine maximum par- 7 


ticle : sizes with irregular shapes are about 20 cu. yd., it is difficult to. estimate 


“the increase in the coefficient-of-friction value. 


The hardness of material is important. No m: ite rial Ww as te sted, that did _ 
not show the effect of crumbling or breaking after shear ring under vertical a.” 
a pressure. Softer materials crumbled more, thus causing considerable decrease | 
; in particle sizes ; | the larger ‘sizes crushed more than the smaller ones, and  @ 
irregular- shaped particles 1 more than the rounded _ 
: ‘The « curves in Fig. 11 give the amount of crumbling for tests ond different — | 
- materials at various pressures. The results are from gradings made on s: mples — — 
taken at the shearing plane before after a test. inerease in = 
centages plotted are based on the finest sieve of the | size range shown for 
each material, “except for the coarse bank sand and the 1e crushed trap- rock 
s screenings, for which No. 28 (0.62 -mm. ) and No. 14 (1.27-mm.) sieves — ; : 
used, respectively. A new sample of the original material was used for each a 
“pressure. re. In every case, it is seen that the crushing « effect increases with an a ¢ 
in press ure, reducing» the particle sizes. Undoubtedly, this is 
greatly, i if not entirely, responsible for ‘the decrease in the coefficient-of- 
friction values for higher pressures (Fig. 10). 
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ids 


“yielded ghee for the coeflicient of friction. However, “there ‘is 

limit to minimum pere entage of voids because, ‘under a given ve rtical pres- 


"sure, the percentage of voids of. a material will ‘ventually become almost 


Minimum Sc 


Increase in Percentage Passing 


nn ¢ 


) 
) 
e 


Vertical Pressure in Pounds per Square Inch 
Pig. 11. —CURVES SuOWING AMOUNT THAT MATERIAL CRUSHED Du RING 'TE ST FoR 
“constant, Slight rariation in the « consolidation under the s same pressure 1 may 


be due to the final a arrangement or - self- placement of the particles, , or vr, per- 7 

haps, to the crumbling of particles | to a extent. 


~ When the particles of the material carry ‘ing the load are wet, the moisture 7 
Bigs to act asa lubricant, and there is a decided decrease in the value of — a 


the coefficients, especially at low pressure. . Thes same material dried and tested 


for coefficient of friction under a given vertical load gives higher values. 
Pig. ‘2, which illustrates this point, the i inerease in the coeflicient of fric tion 
s based ‘on. the coefficient of the material in a wet condition ; that is, the i 


of all particles are entirely covered with water. 

dy Phe more irregular the the shape | of particles the ‘more pronounced is the effect 

of, interlocking, resulting in ‘incre ased resistance for friction. ' The easy 


- crumbling of the sharp edges of particles » with angular shapes may offset this 


interlocking advantage somewhat. Unless the material is hard, the ‘sharp 
corners may not prove advantageous. The ‘more uniform the particle sizes 7 eS 
the higher i is s the percentage of voids. ‘Well-graded beach ‘material containing 
coarse particles has smaller percentages of voids” and will have higher friction 


valu 


rs October, 19382 13825 
he 
| 
| 
— 
a 
i- 
— 
d 
it | 
4 
rf 
ko | | 
— 
ho 
IS 


‘TESTS FOR HYDRAULIC-FILL DAMS 


Mountain Reservoir it v was not ‘make investigations : 


‘ 
4 


Percentage Increase in Coefficient of Friction 


3" Stones Screened from Bank 


20 0 360 


= Vertical Pressure in Pounds per Square Inch 


Fic. 12. ne SHOWING INCREASE IN THB COEFFICIENT OF Friction Dup To CH xox 


= Wer To Dry ConpITION. 

this line. In this large” field much mo ore 

to determine the characteristics of various materials, in order t¢ to understand 
fully” the behavior of the cocfiicient of friction. 


10N 
The percolation, or the permeability, test is is one the 
si 


and should be carried on with the g greatest ‘care. 


The purpose of the gradation, or of of. 


the core material is to ascertain whether the material ie enough fines so 
. that it will be impervious, or reasonably 80, and whether it is coarse enough 


so that it will drain and solidify within the near. future. will be ‘seen 
_ elsewhere’ in this paper, the effective size of the material, obtained from -. 


gradation curve, will be useful in estimating its coefficient of permeability. 
It is better, howev er, to determine the coefficient of permeability directly 2 
_ rather than rely on gradation alone, as seepage through a core material will 


4 depend not only on the and gradation of its materials, but also 


on its percentage of voids, its percentage of organic matter, its resistance to. 


consolidation, or the, shape and toughness of the particles, and on its per- 
of clay, especially within the colloidal ranges, ete. 
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he velocity of seepage through fine core material is so. slow that units, 
as ‘centimeters second, or feet per ‘second, will. result, in 


quantities. is advisable to express this velocity. in ‘meters: per day, which 
will result i in ‘numbers that are more convenient. ” The coefficient of permea- 


bility, K, in meters per day, is also equal to sald —— c is ‘a constant ; 
and. d is the effective size of the material. 


the normal ground-water temperature is 10° cent., and as the 


‘ change in temperature \ will affect the velocity, ‘it is better + to base the coef 
cient of permeability on cent., or 50° Fahr. In dealing \ with the de 
mination of the values of K, 45% voids ‘consolidation was used as ‘a basis. 


The fundamental formula used in er the ow of of seepage through ry 
is known as Darey’s s law:” | | 


in which, vis velocity of flow; K, of permeability ; A, the 
flow; the length of the path of — Since 


Fis 
time and constar attempts: have been 1 


“Measuring permeability of of soil were tried at Cobble ‘Mountain Dam 
w vere found ‘unsuitable for core materials in a hydraulic- fill dam. ee 
’ _ The simplest method of measuring the permeability of a soil is by a  stand-— 


pipe permeameter. In_ the apparatus used at Cobble - Mountain shown in 

Fig. 13 the core material, in a saturated | state similar to that in the dam, a 

is placed in a glass tube and immersed in a pail of water. The head causing © 

flow is measured from the top of the column of water in the stand- I-pipe to 

the level of the water in the pail. ‘By means of a stop- -watch the rate of fall a : 
“of the water column in the -stand-pipe observed, and its volume was 
7 obtained when the bore of the stand-pipe had been determined. — From t! ~ 

“moisture ¢ content of the > sample its percentage of voids is computed. 


coefficient of permeability, . K, in meters» | day, is computed fre from 


of the the ‘thickness of the T,t ‘time; and H, “thie head 


causes flow; that is, H equals h height of wa ater in the stand- -pipe, H, at 


Rechérchs Ex xpérimentales Relatives au Mouvement de dans | les 
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Papors 
the and. at the end, the run. Equation (2 
from Darey’s law and is reduced ta ‘ie observed temperature to i 
10° cent. ‘means of Fig. 5. During any of the tests— —_for the same 


material, ith the s same. percentage of and whatever the of H, in 
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and. the sample t to ‘be tested is urthermore, there is a for 


the water flow ‘more freely contiguous to ‘the inside w the glass 


- 


This apparatus (Fig. 14), designed by the late. ‘Allen’ M. Soc. 


can be used with a high head of water pressure. Tt has a capacity for 


core material of about 1 cu. ft., which is: suffic ‘ient to reduce the effects “a 
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ight local variations in the sample. Tt was lined with concrete forming a 
collar near - the top of the sample to check seepage contiguous to— the inside 


Ss 


‘The ‘sample is placed in a saturated state it comes from the core, 


is supported and covere d | by sand filters. After a pe ‘riod of initial settlement 


(about 24 hours), the conta ainer is sealed and the ater pressure is applied 


at the top of the sample i in gradually i increasing amounts, to the desired limit. 


maximum head of water of about 60 “was used at Cobble Mountain 


‘Reserv. 


> 


a coder to avoid t the effect of a possible film of fines at the surface of — 
the sample, ‘the was me -asured by a differential mercury manomete 


connect ted at 1 ft. apart, dying w vithin the ‘sample. he rave 
using the f flow of the 


om mate: or the v of — in E Equation (19). he discharge w Ww as measu 


convenient intervals, when the tempera iture was as observed. 


few 
‘test, and continued | to slowly ‘for long time. The 
initial tests were carried, on over a period of from two to three months, 
the coefficient of permeability became nearly constant. was found, 


ever, that satisfactory ¢ comparable tests could be terminated ina week. 
initial rapid decrease was due to the fact that the applied pressure produced 
a decrease in the percentage of voids which was: “accompanied by settling — 


the sample. All values of K were reduced to 10 ° cent. for comparison. 

The voids of the. core ‘sample were found at the beginning and at the end of 


ee: The large } percolator i is satisfactory for the determination | of ‘the coefficient 


- permeability | for a soil ‘sample at a single percentage e of voids, but it is 
not suitable for he measurement of consolidation, or the corresponding varia- ‘a 


tions in the coefficient of permeability. 


Sranparp Compression APPAR: ATUS | 


ee ‘The t best device for the determination ¢ of the relation | between K and the - 
percentage of voids, is that by Professor Terzaghi, described by Professor 


Gilboy in the paper previously cited. This devi ice (called the standard com- 
pression apparatus) will measure not ‘only the rate of consolidation and com- 
pressibility of a soil sample under a given load, but also its permeability at. 
different stages of consolidation. No description of the apparatus is neces- 
“4 thee 
sary here, : as it has been deseribed often and is fairly well known. fo ‘The load- . 
ing: system is made in such a vy vay that the compressibility of core material | 


can be measured with a load of 200 Ib. per sq. in., which is about the maxi-- 


‘mum pres: ssure in the Cobble Mountain 
After the sample is pl aced in the machine, the stop-pin is removed and 


ation is allowed to tuke pla 1ce “under the weight. of the p piston. When 


this is prac tically ¢ omple te, the sti and- “pipe connection is m nade. Ine ‘reme ents 
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per sq. in. each are made to the rate of 


Tak under that load and sufficient time is allowed for complete con- 


solidation. — The ene after complete consolidation is observed. for 
The | increments of weights are removed in the order r that they \ w ere placed, 


and sufficient time is allowed | for complete expansion between the removal 


al each load. Additional observations may be made for permeability at this 


The average of the readings of two Ames dials i is used for computing the 


consolidation. | The coefficient of permeability is ‘computed from Equation 
(20) and vedios to its equivalent value at 10° cent. The following data 
are obtained for a given material: (a) The rate of consolidation for each 


loading; the compressibility and expansion; and (c) the coefficient of. 

Numer tests }.were run with the standard compression unit: t and valu- 
able. data c obtained. Its was s unfortunate, however, to note that widigiesgr 


: 


. The variation of the in for each apparatus and for different percentages | 
of voids, w was consistent. There was No apparent reason to doubt results 


Percentage of Voids 


apparatus is So small that a 1 personal equation or any slight cause may result 
ina great difference in the result of the test. x The following might account 
for 1 the small values of K obtained by the standard compression apparatus: 


(a) ‘The : inside area 2 of the piston | bearing on the top porous plate is 28.7 _ 


sq. em., whereas the area of ‘the sample is 38. 1 sq. cm.; thus, the water: of 
about 25% of the sample area is forced to come in a diagonal direction; 
* b) there i is a | possibility that the top porous plate may become clogged to a 
certain extent; and, the he pudding of the sample in ‘placing in the 

The results for the coefficient “of permeability of fine core” 


materials are so § small and subject to many different factors that even, 


say, about 100% v variation between two different: cannot be con- | 


In the numerous experiments for the coefficient of any 


one ‘material, K remained | constant for any value of H, provided the per- 
centage of voids of the material remained constant and the sample maintained ‘ 
structural equilibrium, but it showed a a decided change: due to variation in 
‘the percentage of voids 
‘The curves of Fig. ‘the relation between the value of K and 


percentage of voids of several core relation ean 

by the formula, 


of K for “iferent values” of H. ‘The. sample | of the standard compression 


— in 
45 | 
The 
— the | 
— rela 
— 

| 
4 

—— obtained by the standard compression apparatus was invariably lower than, 

46 
‘ 

— 42 
— 
4 gs 
— 

30 
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| 
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C 


aced, 


which, permeability, in ‘meters per day, and for 
ts - 10° cent. ; ,is a constant; and p, the percentage of voids divided by 100. 
The value of fron 3.395 to 0.301 and the value of. m, from 5.36 


_ For the same material, it can be stated sal K varies approximately as 

the sixth power of the percentage ‘Thus, the value of K 50% 


voids compared | 


with that of 40% be about 8 times. This 
‘ relation, derive derived from tests on eore si imple s, will be re ll 


> 
2 


~—— 


4 Group No. 1 
—--—— Group No. 2 


— 0.004 0<010 0012 0.014 0.018 


oF VoIps PLOTTED AGAINST COEFFICIENTS 


material. The re relation might be similar for other core 


Fig. 15, the values of K point out ‘three distinet characteristics; 


ra 
namely, that they differ considerably for different materials; (2) 
rf most decidedly ¢ according to the effective size of each s sample of the same 


character of inatictte? ; and (3) vary according to the slope of the gradation | 


if 
: curves of the same character of material even if the materials may have the 


Big. 16 gives the gradations of the materials of the curves of Fig. 15. 


‘Comparing P5 and P10, both being the same kind of material and having» ‘the — 

at 


sat effective size—0. 007 mm. aes: the value of m bein 6.4. in both cases, 
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the value of ¢ for P5 is 0.73, and P 10, it is 0. 79. Fi ig. 10, is seen 
that P5 is finer than P10 with a difference of about 0. 005 mm. in their ; grain 


‘sizes for the entire range between the 85% | size and the 60 We ane, or the P10 


grain sizes are 16% 1 larger than PS in that range. This causes about 8% 


variation in. ‘the: rate of percolation of the two o samples, 


imil of D371 1 with P12 shows the atter a coeffi- 
~) 


% greater the former. F rom Fig. 16 


Percentage Finer by Weight 


4 


3 0.004 0.006 0.008 0.01 ims 0.04 0.08 | 


16. —GRADATION ‘OF SAMPLES TESTED FOR DETERMIN ATION oF RELATION B TWEEN 


COEFFICIE OF ‘PERMEAB 3ILITY AND PERCENTAGE OF VOIDS, SHOWN m Fic. 15. 


d 
it is seen that the curve of P12 is coarser from the 20% to the 600% ® size. The 
particles range ge have an average difference in diameter of about 


er 4 
per cent. _-F urthermore, for the same range the particle sizes a PiU are 

about 27% greater than those of P8, while P 11 As § about 43% more > permer able 


cae PS ‘This, in 1 spite of the fact that the effective sizes of the two | 
in both the e foregoing cases are the same. | 

wer 


Many size 1s an arbitrary term, stating that it may 
8 suffice for filter sand whe re the | gradation is more or less uniform and doubt i 
it s applic ation to a core material. ‘Tt is true that without the uniformity 
ae* the effective size of a materi: al will give no idea in regard to its 


gradation. | great many ¢ urv es” have the s 


* 
enormous difference in the mi ate erials, It should be re 
-bered, however, that the 1 minimum and maximum 60% sizes” of ‘the core 


materials s (Fi ig. 8) 
their average ralue 


e about 0.013 mm. . and 0.11 mm., | respectively, and that 


about 0.035 mm. The effee tive size term, when applied 


ar 
ie 


1 
- 
— — 


core 


that 


“Mr. Hazen’s formula" for filter sands is: 
‘is taken from Darey’s | aw as (19), in which, vis 

the velocity of water, in “meters per day; a coefficient ; d, the | effective size, 
in millimeters; H, , the e head causing the flow; : = the depth of material (filter 
sand in Hazen’s formula); ¢, the ‘temperature, in degrees Fahrenheit ; and kK, 


For = 50° Fahr., or 10° cent. (which is the normal. temperature for 
‘ground-w -water) Hazen’ sc becomes equal: to Darey’s Nume rous tests 


were run to det termine the coefiicient of f permeability, K, for the core material - 


of Cobble Mountain Dam, and, at the same time, ‘to find out whether ¢ d* 


“would be applicable to flows through the extremely fine core mate rials. — The 


“effective : sizes of these 1 materials subjec et to experiments varied from 0.003 mm. 
‘to 0.012 mm., and it was discovered that at 45% voids the value of ¢ rema znd 
reasonably constant, with a mean average | of about 150. T he conclusion was: 
reached that Hazen’ ’s factor, ed, can be applied approximately. for seepage 
| through these fine core materials with ¢ = 150. Tt shot uld be rememb 


b ‘in using x= =e =I 50 &, K is the coefficient of permeability for velocity, in 
= per day for t= = 50° ° Fahr., and at. 45% 4, voids. For any other t 


perature, the of Equation (22) should be applied and for 


different | percentages of voids (21) can be applied; or pe rhaps it 


in which, is the coefficient of permeability, in per day 3d, effective 
in millimeters; , percentage of ‘voids; and te mperature, in 


value of may vary consider ably from 150, due to v variations in the 
r and gradation of different core materials. For give n locality, 
where the ‘materials are of ‘a similar char: ac grading, ¢ 
be ev valu ated and used with reason: able accuracy. iremgairigi 


~ It is better, of course, to conduct tests to ‘measure directly the _coefti- > 


ry 


cient of permeability of the ore material of a dam under | construction, in 


- order to calculate, ‘more or less. accurately, the probable ‘seepage through “the 


dam, but Equation (23) 3 isa handy tool for computing at least approxims itely, 
the probable seepage through the dam before its construction. This" might 

result in very effective changes in the design of the contemplated struc ture, 

or im locating « other r than the a1 anticipated borrow- pits s to be for the 


Annual Rept. Massachusetts State Board of Health, 1892, p. 539. 


apers 
| 
seen 
orain = 
P10 
| = 4 
3 
WEEN 
ig 
‘a 
 &§ 
eable 
— 
may 
: 
mity 
= 
plied 
&§ 


ay, 
1 


FOR HYDRAULIC-FILL 


"puted seepage a in which the material an size of 
0. 008, mam. be increas increased nine if the effe ‘size is changed to 


it is hoped that in the with | investigations, 
a factor may be e obtained for Equation (2 3) to take into consideration the © 
“effect of | slope of the gradation curve. (See Characteristic enter 
bis EFFECTIVE Size Estimatep BY Onserv 
a It is mnie to know how easily an inspector at the dam can be trained | 
to judge the approximate effective size of the core material by visual exami- | 
nation and touch. The method o of comparing 1 the material from the dam — ; 
with a sample of similar material that has been tested, is used to train ‘the 


inspector, and to maintain a constant field check on the work, : A series i 


shaving effective sizes from 0.0 )2 to 0.0 2mm. were in the field 
It was discovered that a core material with an effective size of about 
~~. 002 mm., when rubbed between the fingers, , felt like graphite; it was greasy iq 
FRE 


like butter. experienced inspector can tell the character of core 
material in regard to. its fineness by observing the flow while it is going over - 4 _ 


the beach. These observations may not apply directly to other dams, but 

similar may be found useful. = 
ConsoLip ATION OF THE Core. OF Movs NTA AIN Day 


An attempt has ‘been made to estimate roughly the time necessary 


an approximate ultimate consolidation of the core at various heights of the — 


Cobble Mountain Dam 1. By ‘approximate consolidation” for various heights 
of the dam is meant the state of consolidation that the material at any height — 


will attain due to the pressure or weight of the structure itself above im 


cae 


the laboratory, numerous samples of core material were tested in the 
standard compression apparatus and corresponding consolidation curves were 


obtained. For a given material, , these curves showed the ultimate percentage 


of voids of the material under a given load. The application of ‘pressure was | 
: made | in increments from a very small load up to 2 200 Ib. per ‘Sq. in. a ne 4 
‘It was: discovered that the ultimate percentage of voids ‘was affected by 
the | arrangement of the particles (the percentage of voids ) at the beginnin | 
of the tests and by the effective size of the material. The lower the percent- D 

age of voids at the beginning of a test, the lower. will be the final percentage : 

of voids. With: materials of simila r gradation, the larger the effective size, 
the lower will be the percentage of voids throughout the test. 


The average of the laboratory results s for material with a an effective * size of aa 
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and L is the per square 


It is questionable whether the ‘consolidation formula obtained 
laboratory will apply, to the ‘actual consolidation of the same material in 
_ the construction of the dam because of the following reasons: —a 


—The applications of the loads the laboratory a and in the axe 


7 2.—The initial percentage of voids or the arrangement of the par 
in the testing machine and in the dam Is | not the 
—The sample for the test in the standard compressio is very 
_ small. It was found that there is a great difference in the time necessary — 
a for the ultimate ‘consolidation during a given ‘period under a given loading. 
el —There is a a great, difference between the inside polished surface of the 
standard compression unit of the apparatus and | the rough surfaces: 
the abutments and the beaches i in the dam. 
5.—The time interval for a given load is 
6.—The drainage facilities are not the — 
—There is the question of ‘the load. per ‘square at any one given 
epth in the dam, due to the uncertainty - of the behavior of the core material 
_in coming to a state of structural equilibrium, , or i in the rate of consolidation 
P taking place in the upper part of the dam above that particular point. As 


: the ne ge of voids in the « core decreases, the weight of the core orginal 


‘ma 


apply to borrow ‘materiale i in n the dam. The results and 


formula obtained, should be used with discretion. The application of the 


formula may not be entirely correct with -Tespect to the actual conditions 


the dam; 
edly, it is a tool that can be utilized | to compute spproximately the 


eoneclidation at various depths. 


the completion of the dam, the percentage of of the core 
material at any height can: be and the final percentage of voids 
ascertained from the consolidation formula at that height, the quantity of 


iN water to go through ‘a vertical area at the same elevation in the dam can be 


of percolation of the water to be “squeezed out: at that height; hence, the 


| The width the ‘core at any height will determine path 


tl quantity « of. water that will hone to drain away can also be determined. 
‘Using a certain average velocity of the water, the time ne, for it to 


ie It is ‘evident that, in ‘addition to the uncertainties to the application of 

as the consolidation formula, in order to solve the problem, other assumptions 7 

are being 1 made, which perhaps are “not exactly ‘Tight. 
es __ For example, let B equal the volume of. water, in cubic meters, to drain 


‘; from the core material with a given per centage of —_ until it attains the 


ty 
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> 
percentage of voids under given load; the dischar arge, in cubic 


n meters per day, for ¥ and V’; sd, A 


the vertic “al area, in s squi ire meter rs, perpendic ul: ar to d direction of flow; Re the 


satiety of days; H, the height, i in sails or in feet, below. ‘the | top of the dam; 


dD, the width of: in mete or in feet, at 


top of the dam; 2 am initial perce ntage of voids of core material ; : * 
the final percentage of voids of. core materi ul; cand d, ‘the effective size of 


Assume that horizontal and drainage of the wate 


‘meters per day ; v, the: average velocity, i 


the core material during consolidation. (This: is not exac tly the “ease, as 


- there re may always be vertical and diagonal drainage.) _ Assume, also, that the 
reservoir is full and that the water in the core material during consolidation. 


>= flow up st stream and ‘that it will drain the full width of the core hori- | 
Z 


ontally down stream. Ther a, B= OF = At 


“the of voids | V to 


minus: the final | water the section. 
Ww ith a percentage of voids” of vz DA units of w water and 


D. iu units a solid material. W hen the perce ntage of voids 


there are—— - DA’ of DA’ units of material 4 

7 


A’ is the reduced area due to conside ration) : bist: 100 —V DA = 100 — DA’ 


‘Substituting the value of A’ from Equation (21) in Equation (27), 
q __ The rate of consolidation of ‘the material under a given constant load, 
shortly: after “the of the load, becomes almost uniform. Tt is” 
as 1e, therefore, that the aver: rage: velocity of water drained 
the consoli¢ from a percentage of voids of V ‘to V’ will be about 


— 
¥ of 
° 
oa 
&g 
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— 
‘Substituting Equations | (28) (29) hoe 1) in E 


It As evident from the re formula, Equation (30), =e the lower the 


iquation 


point ‘under consideration in the Cobble Mountain Dam the longer it will 
take for final consolidation. Then the bottom the dam only. should be 


_voic s of | the core m: ater ri 


is 119 lb, gravity of 19 9, or 0. pressure q 


jee in. for each foot of head. The elevation at the top of the dam is 972 a3. 

then at Elevation 730 the load will be 0. 825 x 249 = about 200 Ab. per sq. in, 
q The ultimate percentage of voids of the core material | subject to a 200- ‘lb. load 7 
aq. | in., is 38.15 according to Equation | (24). Hence, V equals 45% at the 


bottom: of the _dam; V’, ’, 38. 15%; D, 170; d, 0. 008 mm. 3 and H, 922 (flow: -line | 


yor 


elevation = = 952). the foregoing in Equation (30), T= = 735 days. 
; Considering that—(«) there is always vertical dr: ainage construc- 
tion; (b) after construction the drainage i is ‘not horizontal only c) it will 


=z about a year for the reservoir to fill; and (d) « during this period, if not 


also afte rward, the drainage will take horizontally both up stream 


and down stream, thus cutting in half the length of the path of. pe re volation— 


it may be permiss sible to reduce the period of ’ 735 day ys from 2 5 to 50%; in - 
other words, the time 1 necessary “for the e consolidation of the Cobble Mountain 


an size of 0. 008 1 mm. m. from. ‘the “mid lle of ‘the core, 
the average effective size of the e core is more than 0.008 1 mm., in whic 


~ ease the time necessary for the ultimate consolidation would be less. : 


As noted in Equation (30), ‘number of days for consolidation, 


inversely as the square of the effective size. The avera; age 
for the entire core is 0. 0.009 008 mm. T ‘herefore, with an effective size of 0. 009 an 


» of days for will = 735 = 580 days, 
This is pr actics sally within the range of the aforementione estimated time 


ow an average approxi mate value has been for the ol: 


perme: ability of the core “material, the problem is to apply this 


- information so as to be able to calculate. the see page through a hydraulic-fill 

a As far as the w vriter knows, there is no such general formula giving 


the seepage through any hydraulie- fill dam ; lerivation of sucl a rs 
gene ral formula is given. in following page 
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§ general formula. factor the: ‘through. any 
 hydraulie- -fill dam, with a known or assumed coefficient of permeability of 
gore material, will be ‘the ‘section of the core of that dam, provided the core 4 
has. a sufficient state of to: make it The 


“the seepage, it isa fact that is not. the case, léast 


7 for the upper section of, the core. The diagonal flow of the seepage through | 


the core in the upper | part of the dam ‘may result in the reduction of the 
core area affecting the percolation. . On . the other hand, there | may be some 


clogging of the upper ‘surface of the > core resulting in “decrease of percolation. 
However, the general seepage formula i in this paper will be accurate enough a 


for all practical purposes in estimating approximately the loss of water by 


seepage through the core. Fig. 17 shows the maximum cross-section of Cobble 
‘In Fig. 18, let ps = width of core = path of percolation, lp, at H-distance 
pees the f flow line; D, equal the | width of core = lp, at flow-line elevation; 
width of core = at bottom of the dam; L, length of at H- distance 
below the flow line; length of dam at flow-line elevation ; length of dam 


at bottom ; and, height of dam to flow-line elevation. 
In the hypothetical case of a rectangular core section (see hing ae): 
nd 
¥ and the derivative of Equation (19) is, Ae 


Substituting va values of D and Li ip Equation 


a betwe een the limits, H = H, and H = 0, and simplifying, — 


Equation (32) expresses the seepage for a length, In the general case 


of a a trapezoidal core section, for any hydraulic- fill dam (Fig. 18 (b)), 
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TESTS FOR HYDRAULIC- 


As case, dQ = K — ld 


Papers 


Sum (D. — D,) 


ant 1H = | 


7 


dam having more 


or ‘the core section and the dam sit x In case of 
appreciable change i in the slopes of the dam site, the equation can be | applied 
in steps for different sections or heey net of the dam, and ‘agg sum ¥ will give 


the total ‘seepage. 1 
=— # 
which is the seepage a trapezoidal core section a length, J. 
is seepage | e for a triangular core different 
length for for top and | bottom. WwW Then D= 0 in Equation (35), 


‘ 


which is the seepage | for a ab a for Jenat 
WwW hen D, approaches approaches ‘Equation (32), 


2... 


difficulty E quation— (34) is ‘that is” too Jong” ‘contains 


logarithmic terms ‘which make it rather cumbersome for ‘rapid calculations. 
“An investigation of these several ‘seepage formulas for different geometric 
core sections will show that there i is s a relation between the seepage quantities : 


and the areas of different cor core sections. _ This relation can be expressed as 

follows; let seepage ge according to Equation (34) ; a= = seepage accord-— 

to 3); A, (Dy + D.) = area of a core section, 
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vending on ratios of 


(D4, — Dz loge D) 


hig Dy + Di 


2 


+1 - Di) (D; — D,* 
‘Substituting values of Qe » Ay and in Equation (38) and for 


— 


but is the seepage in Equation (34) ; the refore, the gene ral equation 
trapezoidal core re section for a a hydraulic-fill dam becomes, 
Q K H?. + 
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7 Assuming that K is expressed in meters per day at 10° cent., and at 45% 
voids, the formula for any y hydraulic-f fill any per- 


lye, 


da day—may be expressed by, 


X KH (l, +21) (2+? 

and substituting 150 d for K in E quation 


in which, Q > is the qu: uantity of flow, in gallons per per day; K, the coefficient of 
"permeability, in meters per day, at 10° ent. at 459% voids ; V, th the per- 


 eentage of voids _varying from 30% to 60% ; ‘and the are as 
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| — the Engineering Staff at Cobble Mountain Reservoir, especially © 
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“GEORGE WASHINGTON, BRIDGE: 


ORGANIZATION, CONSTRUCTION PROCEDUR E, 


_ 


yurces, 


who, with other large The Port ‘York 
at the 


a Authority built u up a large engineering organization. on. In its development, 
also in arranging the program of the construction work, the basic ¢ aim 
we for w as to secure flexibility, which would permit efficient, handling of the complex 
funds "problems involved and would i insure re rapid construction. paper contains 
is and a . review of the preliminary steps leading to the ‘creation of the ‘engineering 
ecially é ‘maleelion, onl describes briefly the organization and its method of carrying 
[OOK ¢ 
un the work, the construction program developed for the building of ‘the 


k, but. 
‘ite Washington Bridge, the procedure followed in handling construction 
and the outstanding provisions of the construction contracts and 


In the early part of 1925, ‘the Legislatures of the States of New Y York 
New Jersey passed concurrent legislation® authorizing The Port of New 


&T construct, operate, maintain and own a bridge, with 


‘approaches thereto, across the Hudson River from ‘points between 170th 
Street and 185th Street, Borough of Manhattan, ‘New York City, and points 
approximately opposite thereto in the Borough of Fort Lee, Bergen County, 


virtue of this the State of New York appropriated $100: 000 


d the State of New Jersey $150000 for the preliminary work 1 necessary 


Norp.—Discussion of this paper will be closed in January, 1933, Proceedings. eae 

Asst. Chf. Engr., The Port of New York Authority, New York, N. —— we a a i 

Chapter 41, Laws | New ‘Jersey, 1925; 211, Laws of New York, 1925, 
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appropriated ‘shall Il be re repaid to States. ‘the cost 
of construction has been fully paid for and the debt or debts created for such — 7 
purpose has been amortized. Acts provided, howeve er, that” no money 
should be expended by the Port Authority vu until equivalent amounts had been 
appropriated by both States. Accordingly, later ine 1925, the State of New 
furnished $100 000 out of its total appropri: ation of $150 000, t 
to that appropriated by the State of New York. | An amount of $200 000 7 

ts thus made available to the Port Authority for its s preliminary ry studies, my 
Ls The Port Authority began. its studies immediately | and, on | March 1 11, 1926, 


ey = one year after the legislative authorization, for the project, trans- 


‘vides that the sums 


= 


mitted a report* to the Governors of the two States. be The work accomplished 
to that date - included : (a) Comprehensive studies to determine the probable — 
volume ‘of traffic « OV er the bridge ar and the revenues to be derived; (b) topo- 
graphical surveys, river borings; engineering design ‘studies to determine 
the suitable site, size, and | type of crossing ‘and its cost; and finally, (d) archi- 
-tectural studies to determine the feasibility of “rendering the bridge a 
befitting object in a charming landseape.” The report set forth eleven co 


which may be summarized as follows: iy. 


‘The traffic studies revealed an urgent demand a crossing for 
vehicular traffic in n the vicinity defined by the legislation, and indicated that 


_ the traffic sae be of sufficient magnitude to make the undertaking financially 


(2 ) The general location was, chosen both in regard to 
and feasibility convenient connections to important local and a 
(3). From the engineering hie of view, the construction of the bridge 7 
ith a single: river span of at least 3 3 500 | ft. and a clear height above water 4 


of about 200 ft. was feasible in 1 every respect and would in involve no — 


ary ‘difficulties, nor hazardous or untried operations. 


The suspension b bridge the most economic eal 


(5) Should funds for the construction of the bridge be tie: 1927, 
it was expected that, 1 not later than 1933, the bridge would be open for,4- 


vehicular and bus passenger traffic and for ‘pedestrians. 


fae. (6) On the basis of the information available prior to completion of the | 
preliminary studies it was estimated that the bridge could be constructed 


in an initial stage, and o | opened to highway traffic at a cost of $50 000 000. = 


Depending upon the traffic capacity finally ‘to be decided upon, the 
bridge could b be enlar ged later at an additional cost of between $15 000 000 and 


(8) Conservative traffic analysis indicated that the ‘brid ge would be self- 
sustaining in every respect from the first year, "without unreasonable toll 
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(9), Growth of vehicular traffic might enlarging bridge, 

7 ‘ten years after “its opening, to 8- lane capacity, and within tw enty years there- 
after, the entire bond issues for construction cost might be ‘amortized. * 4 
(10) Axchitectural studies indicated that the bridge could be designed 
to blend harmoniously with the grandeur of its natural setting, 


DLL 
On ‘account of the favorable aspect of the its urgent 


‘that the be asked to appropris ate an sum of $100 000, 
rt Subsequent to the submission of this report, the State of New York elke 


an extra $50 000 appropriation; the additional $50 was provided out 


of ‘the authorized total appropriation o! of $150 000 i in the original legisla ation by 
State of New Jersey. This brought the funds for preliminary ‘studies: 


to the total of & 300 000. W ith these funds it was possible to conclude the 


preliminary studies before it became necessary to approach the bankers for 
financing the construction work. In order to ‘provide for financing the bridge 


construction, the 1 two States ‘enacted additional legislation‘ which was 


"approved | by the Gov ernors on March 10, 1926, and May 4, 1926, \peleatittlilie: 
_ These two “Acts, , subject to certain limitations, pledged the sum of $5 000 000 


from each State, ‘pay rable in five annual installments of $1 000 000. The 
with interest as hen earned, is be to the States out 


“ine for the construction of the bridge ton "The legislation 


further provided that the remainder of the money needed for construction and 


ncidental purposes wi to be raised by the Port Authority on its own obli- 


gations, secured by the pledge of f the revenues and tolls: arising out of ‘the 

use of the bridge. The obligation ‘moneys raised constitutes a prior 


December 9, 1926, the Port with 


‘lle’ for the sale of $20 000 000 of bonds for construction purposes, out of — 
a total authorized issue of $60 000 000. - further installment of $30 000 000 


was sold in the spring of 1930 to the financing. he moneys 
— by the two —- with hae $50 000 000 derived from the sale of Port — 


The greater part of 
es been to the p project to ‘its present (1982) s stage 


Ini 1924, the two States had directed the Port Authority to make -prelimi-— 


a nary studies: for, and to undertake | the construction of, two bridges over the % 
Arthur Kill—one between Elizabeth, N. , and Howland Hook, Staten 
Island, New York, and the other between . Perth Amboy, N. J, .. and Totten-_ 
Vv ville, Staten 1 Island. * The Port Authority | retained | Waddell and Hardesty, 


onsulting Engineers, to make the preliminary studies for these: 
bridges, under the direction Mr. Wz Drinker, then Chief Engineer of 
the Port Authority. Tne 1925, it beame evident that, for ‘making the pre- 


6, Laws of New Jersey, 1926, and ed 761, Laws of sities 926. | 
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the handling of the "possible fourth project of a bridge over the Kill van 
Kull between Bayonne, N. J., and Staten Island, a bridge engineering organi- 
zation of its own would be advantageous to the Port Authority. Accordingly, = 
—60O. BH. Ammann, M. Am. Soe. C. E., later Chief Engineer of the Port J Authority, 
was employ ed as Bridge Engineer, and he began immediately the | building of 
ex engineering staff. plan of developed, the soundness 
_ of which is attested iy the fact that, considerably amplified, it stands to- day, 
after having successfully accomplished the purposes for which it was developed 
in 1927. It consisted ‘essentially in separating the engineering work of the 
Bridge Department into divisions, placing at the head of each division an 
"engineer" well qualified by training and experience to handle his particular 
work, Responsibility was placed ‘upon each division engineer for pro oduc- 
‘ing work from that division and co- operating with the heads of the other divi- 
‘sions under the general direction of the Bridge Engineer. 
‘The work was divided into the following five’ divisions: : Traffic Studies, 
Design, Contracts and ‘Specifications, Construction, Planning of 
Approaches: and Highway Connections. ‘Selection of the personnel for these 
separate divisions was: made chronologically as as the need developed. 
‘Traffic Studies. —The Port Authority has no power of taxation, has no 
3 authority, to assess for benefit, and, ¢ 


> 


at the time of financing the bridge, it 
owned no physical properties which in themselves could be used as collateral ei 
_ for loans. All the moneys which it borrowed had to be protected by the rev-_ 
to be derived the: tolls. was essential, therefore, for the y 
of traffic ‘conditions and from 


"this survey to draw conclusions that could stand the acid test of the i inquiries 
The Division for Traffic Studies, including a force of traffic inspectors 
and analy sts, _was in charge of the Tratftic Engineer. As a rule the inspec 
~ tors were employed only temporarily for such periods of time and at such ae 
ticular locations as was necessary to accumulate the needed data. The 


analysts a assembled these data and from ‘them forcasted the traffic that would © 


make use of the facility over a period of years. 


e following factors: a 


"seventeen ‘Hudson River ferries between the Battery, 
_ ‘The volume of n new traffic that the could be expected to attract, 


The total volume of ‘traffic over the bridge for each 


“for a period of twenty ‘years to its ‘opening, considers- 


7 liminary studies for the George Washington Bridge, for directing and é 
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Tn order to determine the” probable volume of traffic which would 
from existing ferry crossings, it was necessary to ascertain the 


Ne tribution of. ‘the traffic | over each of the ferries, , by finding ‘the origin and = 
or destination of each vehicle for sstiiiie periods of time so selected that the = 


peak and average traffic. conditions were reflected. The peak ‘condition occurs 


_ in July and the ; average condition in October. — Vv ariations of traffic between — = 


week days and Sunday s, and from hour to hour, had also to be considered, — 


Inspectors were placed on each of the fe: IT Y- -boats throughout ‘the day, 
recorded the type vehicle (that is, whether horse-drawn or 
j propelled, and whether commercial or pleasure vehicle). They also 


“the carrying capacity of the various vehicles, the number of persons actually 
carried in each vehicle, the State license, the origin and destination of each 


- vehicle, and the frequency with which the particular vehicle used the par-— 
ferry route. These “clockings” by, inspectors were made throughout | 


the months of July, August, ‘September, and October, 1925, a force of fifty- 


six ‘men being employed on the seventeen ferry routes. Detailed informati 
was recorded for a total of 242 000 vehicles, 
id a Clockings we were also made of the traffic passing over the streets and high- oa 


wa ways: at advantageous ‘points, ‘not only in the vicinity of the bridge site, but 


th 


also at points considerably distant on. the bridge, in order to determine 
the potential capacities of these highways for bridge traffic, because the degree 


of resultant congestion on these connections would affect materially 
the flow of traffic to the bridge. These i inv estigations included also | a compara- 


tive study of the traffic carried. ee the East River bridges particularly during 


the peaks of traffic. The records kept by each of the ‘seventeen “Hudson River 


ferries were made available and were investigated as far back as 1 1914 so 


that an excellent. record of the total river crossing was “subject - to analysis 
for a considerable period. These records | served to show also the periods 


peak traffic and were very valuable in forecasting the probable future traffic, 


under the improved of the Holland Tunnel 


ey consideration ig giv en e: a comparison of the growth i in motor- 


registration _in the Metropolitan District» the flow of the traffic 


over the river. ‘This: ‘study showed clearly that the inconvenience and insuffi- 7 
ciency of the facilities provided by the ferry companies acted as a restriction. ; ; 
on the flow of trans- “river traffic and led to the conclusion that the provision of -. 7 ; 


‘more conve ies would materially i increase this traffic. Thea accuracy 
of was conclusively ‘demonstrated after the opening of the 


Holland ‘Tunnel. Detailed figures of the forecasts derived from. these various 


traffic studies have been presented" by O. H. Ammann, M. 
Because of the importance of the traffic studies as for "farther 


4 vehicular crossings, they have been continued by the Port. Authority. As a 
5“George Washington Jeneral Conception and Development of Design,” by 

‘ . Ammann, M. Am. Soc. E., 1932, 986. 
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a of the information tabulated during the seven years, 192 5 to 1932 , it 
is possible. to predict not only the future volume of traffic, but also the effect 


cai _A change in the org anization for trafic | studies was made in 1930, whe mn 
this division of the work was transferred from the E ngineering - Departme nt q 
o the Bureau of | Commerce of the Port Authority. 


* Design Division.— -Centered in the Design Division was" the work of pre 


paring the preliminary design studies, general | drawings and layouts, stress 
calculations and design, detailed” contract drawings, estimates “cost, the 
checking of “contractors shop. and working drawings, and work of a ‘similar, 


nature. Ine order co- ordinate properly the work which was 


under the v ‘arious contracts, particular attention had to be given to the 
preliminary d design studies, general drawings and layouts, and to the esti- 


mates of cost, so that the | work that had ery been placed under contrac et 
would fit properly with that which had already been placed under 


ract, and also so that the cost of the entire project t would | not exceed the esti-— 
a mates upon which the financing was based The preliminary designs, were 


frequently modified and the estimates of, cost revised accordingly. The con- 


_ tract drawings were 1 usually elaborate 3 in | their: details and although they were 
frequently ‘revised as the work progressed, nevertheless, they cle arly covered 


he general character of the work to be performed. 


jie The Design Division was subdivided into two general parts, based on the — 
character of the work to be done. Reporting directly to the Engineer of 


r 
- Design, who was in general charge of the Division, were the Assistant Engi- 


neer of of Design and the Chief Draftsman. All general design studies, 
stress s calculations, cost estimates, were placed under the direction of 


the Assistant Engineer of ‘Design. The preparation of contract drawings, 


' detail s studies, layouts, end work incidental thereto was placed under the direc- 


= of the Chief Drafteman. The s sub-divisions were quite flexible, and men 
were continually transferred from one sub- division to the other, as. the need 
for the Staff Personnel varied, and not ‘infrequently, when it was convenient 


to the handling of particular problems, 1 men “were working sub-— 


Directly | subordinate to the Ass istant Engineer of Design and the Chief. 


‘Deities were a number of Assistant Engineers, each of whom was especi- 


ally qualified in some particular phase of work—structural steel design, 
‘reinforced concrete ‘design, foundations, highway construction, These 
men functioned somewhat as “squad es” do in usual drafting-room practice; 


also superintended the work groups of individuals s. Depending 


‘the work in hand, the individual groups, at any one time, might be engaged 


= - work of similar nature on all the bridge. projecte, ¢ or only on one project, 


Lee 


y in number from time to time. Although the 


a was made to ‘tule sini man engaged in the particular work for which — 
was best qualified, this speci ialization was not considered a all- -important, 
and through the transference from one group to another, “ach man w as given : 


as wide a variety of work as possib le. This” policy served to up a high 


> 


| 
| = 
kno 
this 
a 
par 
4 
En, 
the 
Wel 
— 
of 
= 
we 
pa 
wi 
sti 
A 
tc 
4 
it 
. 
| 


this form of of organization necessiti tated a proportion of ‘supervision 
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; it also gave each man a wider and more intimate 
tae of each structure as ‘a whole, and thus led to mo re 


intelligent solution of the. problems in hand. is recognized, course, that 


direction but, age rinst this, was balanced a better co- -ordination of the various — 


parts of the work w ith a a resultant higher degree of efficiency. 
Engine er, who re sported to the C thie f Ex ngince er, was AS to the 


preparation of specifications and contracts, reports, and general administrative _ 
matters of the Engincering Department. Ne ‘gotiations le ading up to, and 


the pre paration of ¢ agreeme nts with, the various outside bodies whose interests 


allied with, or affected by, the | construction | of the bridge, were handled 


ee. . lexibility of organization was also essential in the Central Division, 


because it was necessary to rate to a considerable the functions. 

ot of the various Div risions i in the engineering De ‘partment and to contact with 

‘4 the other ‘Departments: of the Port Authority Staff, such as the Legal Depart- 


ment, Real state | Department, Treasurer, ‘and . Auditor. Routine adminis- 

trative matte rs W one in chi — of an Assistant Engineer who reported to the 
Assistant Chief E ngineer. The preparation of. contracts and specifications 


was placed under the direction of another Assistant Engineer, chosen’ for his" 


partic’ salar exper lence along these lines. __ During the pre paration of the con- 
tracts, close contact maintained ‘not with the Division heads, but 


the Assistant ngineers engaged in the work in the Design and © 
struction Divisions, and. with those engaged in the inspection of materials. 


‘Specifications wer ere » invariably p: prepared i in draft tieii and in sufficient number 


to submit to all those interested, who were thus given ¢ an opportunity to: review 


not only the parts of particular interest, to them, but also the entire - specifi- 
cation. T his policy brought: ‘about a more ‘complete ‘understanding of each 


‘other’ s problems as between the men in the office and those engaged con- 
‘struction in the field; it r resulted in broader, more complete and more com- er 


prehensive specifications, and minimized discrepancies and omissions between 


rogress pictures of the work received special consideration. photog- 
Sy rapher w was employed on n the staff of the Central Division, ‘and full equip- 
_ ment for h him was provided as soon as construction work began. He reported, 


Jess regular intervals, e Resident Engineers, and received 


This policy resulted in ‘record, 


Ww hich the writer feels was thoroughly justified by magnitude and 


Closely allied to the photographie progress reco ord, although handled 
in entirely ‘i. entity, isa film history of the construction of the main 


Span of the bridge. — These films show the actual construction in the field of 
principal oper: ations and have proved valuable in -acquainting the public 
vith _ progress of the work the methods used. They” constitute 
prove of great interest and value to succeeding generations 
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Papers 


river | mapping, and supervision 


’ surface borings, and, later, the detailed surveys necessary for the preparation . 


of the contract draw ings, ‘made by the Construction Division. This: 
- Division also } had charge of ‘the supervision and inspection | of the field work, 
including the establishment. of the lines” and grades upon which | the v various: 


parts of the structure w were constructed, excluding the inspection of 
* 


materials. | The measurement of the work performed par the preparation 


the approximate monthly ‘estimates and the final estimates, upon which 


the contractor’ s total compensation was based, also originated i in this Division. 


After -analysis_ of the problems involved in the construction of 


the George W. ashington Bridge, the Construction Division, “in charge of ‘the 


ingineer of Construction, subdivided into three complete and inde- 
pendent sections—each headed a Resident Engineer who reported to 
- Engineer of Construction. ne The division into sections was effected geographi- 


cally: New York Section had charge of all work on the New York side 


of the river; the New Jersey Section had charge similarly of work on the 


| Jersey side; and the Central Section had charg of the work of finish- 


- the two top panels of each tower and all work on the suspended structure, 


floor ‘system, roadw: ay, and appurtenances in connection | with the bridge 
"proper. ‘The anchorages themselves were under the jurisdiction of the 
«3 Resident Engineers of the New * ork and New Jersey Sections, respectively, 
- but all the work on the cables, the floor system, and the roadway, from sacl 
end of the New York anchorage to the» westerly end of the New. 
Jersey anchorage, was assigned to the Central Section. Th ‘various Sec- 
* tions maintained their entities until the bridge was : nearly completed, when 


the Central and New Jersey ‘Sections were stay under the R esident | ee | 


Only in the case of the erection of the steel towers (both of which \ were 
part of a a ‘single contract), there any ov overlapping of functions between | 


Sections. The Resident Engineers of the New York and New Jersey 


; J Sections supervised the erection of the towers on their sides of ‘the 1 river, the 


wi 


Central Division not being | established until after the completion of the first 
ten panels. No difficulty w as involved in ‘overlapping, however, since 


sf 
the contractor elected to erect both towers ‘simultaneously, with “entirel 


separate equipment and gangs of workmen. Asa result, a a friendly 


ducing good workmanship and rapid progress. 
The personnel o of the Construction Division varied considerably in .number, 
depending on work under but ber part of the period | 
and “inspectors were 
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Approach & Studies—A. spec special division of t the Engineering Department 


> 


was organized ‘at the beginning of 1929 ‘to handle the ‘general planning of | 


the approaches and the highway connections to both the George ‘Washing- 


4 re Bridge and the Bayonne Bridge. if This Division ‘consisted of the Termi- a 


= oe reported to the Chief Engineer, an : assistant to the Terminal 


that were affected. These s studies led to the adoption and approval of 


a approach plans satisfactory to all the agencies concerned, and these plans 


formed the basis for the agreements with the, municipal and State bodies. 


in addition to the five major sub- divisions of the Engineering Department, 
two sub-divisions were created to handle particular work, and, _ later, these 


were placed under the supervision of the « other principal divisions. 


Inspection ‘of Materials—Inspection of all materials used in the Arthur 
Kill Bridges was placed under the direction of an ngineer of Inspection 


built up an efficient. organization of ‘masonry material -inspeetors and 


metallic material inspectors. A small laboratory, commensurate with the 


relatively small volume of work involved, was established in rented quarters — 
in J Jersey City, and this organization and equipment proved satisfac- 
tory as long as only the Arthur Kill Bridges were under - construction. i With 

the start of the work on the George Washington Bridge, however, it soon 

' developed that not only were t the facilities s insufficient, but that t better results . 
could be achieved by separating the inspection of metallic materials entirely 
from the inspection of m: masonry materials. Accordingly, two sub- b-divisions 


ete, under “the ‘Engineer of “Masonry Inspection; and the devoted | to 
‘the inspection of metallic materials of all mn ‘under the direction of the 7 


‘of the Chief I Engineer. In 1999, this ‘arrangement was "modified so. that 


‘the Engineer of Masonry Inspection was placed “under the: jurisdiction 


of the Assistant Chief Engineer, and the Engineer of Steel Inspection under | 


the Engineer o of Design. This modification was for purposes of 


only, and in 1 no way affectetL the functional duties of either sub- division. 
3 Each of ‘the ‘Engineers: of had inspectors reporting 


in J City: were stationed at the various plants w 


materials were being manufactured or ‘fabricated. 1 In this way a thorough 


i and complete check of the quality of all materials entering into the bridges” 
was s maintained. Only the quality of ‘material and the highest grade 


of workmanship were permitted th throughout the entire work, and due eredit | 
should be given to the contractors who 0 contributed whole- sami toward 
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seems proper, at this point, deseribe the modern t testing laboratory 


constructed | in Jersey City in 192% the less completely equipped 
smaller laboratory became too congested for further efficient work. Although, 


' a course, it is not a part of the George Washington ‘Bridge orga nization, as 


such, its functions are closely allied te of the sub- for the | 


Port Authority: Laboratory buil ling is wy 100 ft. in plan. he 


consists of two stories and basement, with th a higher portion on one end to 


provide housing for a 1000000-lb. testing machine. The buil ding is of 


steel, on and has br brick we alls backed wi 


Ite facilities for routine. acceptance tests for con 
Rhesiarsy and for all the check tests on structural steel, and it also = facilities 
for conducting some research work, . In the main testing room, in addition | 7 
to the 1.000 000-Ib. machine, is a 50 000-Ib. testing machine that is used for 
concrete test specimens and for machine tests" for structural steel 
- castings oo vi iew of this equipment is shown i in Fig. Pes. This mi ain test- 


= room is. arranged so that trucks | ooh driven into it from the street, 


crane, Tr Tn to the main n testi esting room, , there i is a a 


eal laboratory, and cone rete, cement, and aggregate laboratories. Fig. 


a 


shows | general view y of the | chemical laboratory. In the _ base ment there 


a moist room for curing conerete specimens, with ‘equipment for m: intaining 


constant ‘and humidity. The building also cont: 1ins office space, 
-drafting-r 


m, and inspectors’ rooms. 


oo! 
Rese arch and Tests.—Because of of the un unusual ‘magnitude the 
takings on which the Port Authority has been ‘engaged, it wa deemed 


‘to establish a Division of. Research, the ‘purpose « of was | 


make scientific investig zation of important problems on which it was felt that 


there might be- -a lack of published information. — It is ‘not the purpose of 
this paper to treat of the work done in this Division, since it will he described | 


In brief, the functions of f this Division were the making of stress measure-_ 


ments" in the towers and in the anchorage steel o of the > George Washinton 


‘of stress measurements on the. Bayonne ‘arch. 


Division w was done in co-operation the National 
WwW ashington, This Division was headed by an Engineer of Research 


. and Tests, who at first reported - directly to the Chief Engineer, and, later, 


to the Engineer of Design. Under the E Ingineer of Research and Tests wus 


was 0 ganized. They d, in many case the Division 


% 


iq 
the results they were see veking. 
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After comprehensive study of possible it w to divide 


‘the construction | work | into a number of separate contracts, the plans and 
specifications for each such part being prepared as the pro progress of the work 
as whole required. . In so far separation between the main span and 


approaches was inv volved, division was quite essential i in any event. The State . 
Jaws authorizing the construction of the bridge provided that plan 
of the approaches at either end d of the bridge shall subject to the 
“appro yal of the respective Governors of the States of New York ¢ and New 
Jersey and of the respective ‘municipalities in which. they shall be located.” 
Such complete a and compréhensive studies were necessary for the ‘solution of 
the approach problems that the construction of the main span would have 
been delayed several years had it been necessary to defer it until the vapor 
plans had been definitely settled. It Was deemed advisable, however, not only 
to make e a separation of as between the “approaches: and the 


“bridge, but to let. ‘separate contracts for various integral parts of. the 
antages of this method of procedure are as follows: 
las. First —In such a large project. it is essential that an extended study of 


the: various parts b@ continued after the project has been financed. Thus, 
study of certain parts can be deferred with advantage and, if conditions arise 


that make it necessary or agro on certain parts can be submitted | to restudy 
Yas 


Second. By preparing detailed ‘contract, drawings and specifications ¢ as 
work progresses, more thorough and elaborate treatment can be given to 
these papers, and, at the same ‘much more rapid p progress can be made 
in construction b because certain | parts of the work can started prior. to 
the | elaboration and completion of studies. on. the entire project. An act actual 
example of these advantages is given. by the case of the New Jersey | anchor- 


= and the | contract for the bridge cables. At the time bids were received 


— 


4 


for. the N ew Jersey anchorage final decision had not been ‘made either as to 


"whether the cables should be of eye-bar chains or steel wires, or if wire cables 
_ were used, each pair of cables would have one cable placed above the ‘other, 


would | have the cables side by side. Upon decision of 


10W- 


toe > show, on the contract drawings, the average ‘dimensions for the tunnels, 


upon which the contractor. could base his unit price for the excavation. 
him to finish much of his before the final determination 


Third. —This the difficult and uncertain of 
; = a definite time schedule for all parts of the work at the outset and, 
on 
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— 
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‘particular parts o of the w ork. It avoids any conflicts and litigation ‘that might F 


Fou our rth—By 


years the 
“after, considersble economy is lieving Ae from the 


necessity of | protecting themselves against uncertain changes in prices of 
materials or labor that may dev elop during the intervening pe riod. 

 Fifth—The award of contracts” ‘for the separate parts of the work left 


_ more time available for the acquisition of the necessary re eal estate, _ This 
additional time permitted negotiations for more favorable purchase prices, 
in the case of improved ‘real estate, permitted its ontinued subse- 
quent to purchase and up to the time it Ww as necessary for it to b be turned 

i. over to the contractors, for producing revenues and thus lightening the total 


As as the finaneing of the Was assu red, a careful study” was 


initiated to devise a pr rogram of construction that would permit the er 


a competition m in bidding, would result in the most logical sub- divisions of the 
various elements of the work, and would oceasion no delay in the starting 
of various parts, or in) the @ progress « of the 1 work as a whole. The divi isions of 
the work, and the construction contracts for ach d ion, were arranged 


in logical clas sification as to nature— location. . For example, the } New 


Jersey tower required deep foundations, entirely different in character from 
those for the New York towe er, whereas the New York tower foundations, both 
in ‘the nature of the and in geographical location, were closely allied” 


single contract the New York anchorage and the New York tower founda- 


tions. Again, the New Jersey appro oach and the Ne Jersey anc shor age both 


“required the exe avation of rock in the Palisades and could be included in 


a contract. The steelwork for the bridge e proper could be handled 


either as a single contract or as two or more contracts. The work on the a ap- 


proaches could logically y be subdivided into contracts classified a: the 


At t first, the studies a e lassitic ation were made 0 only for the e arlie rand 
elements of the wor rk, the schedule of the later oj operations bei ‘ing de eferred 


un the of design d be} given study and until more aceurs ate 


e time | 


earlier r work. After 


analysis of the major operations involved in each contract, i in order to allow 
the pr proper period of time for their completion. Finally, consideration of the 
problem as a whole to determination of the: approximate ¢ date at whic 
each | contract would have ‘to be started in order not only to have it begin 


immediately upon | completion of the next preceding « contr: act, | but also to have > 


ae completed by such date as to provide ample time for the next succeeding - 
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studies led to ¢ r 
adopted on ‘April 1, 1 1927, although previous ‘that 


schedules had ‘been prepared for the purpose of arranging the: 


mate date on which contract should be it was 


7 e backward from this schedule and d determine the time when the drawings for 


i 


| particular” contract would have to be started and « completed, ‘and when 
the drafts” of the specifications | would have to be distributed to the Staff to 

allow, sufficient time for proper study. In short t, it became a “schedule hi 
‘> had a direct bearing | on all the ¢ operations in the Engineering Department. 


“was used in preparing the necessary forecasts of financial “requirements, 


for determining the dates on ¥ which certain parcels” of property would | be 


Yr quired, and for other more or less ‘similar functions. = 
So many conditions atiect the actual time required to complete a par- 


ticular 4 piece of work that it is, of course, impossible to predict exactly when 
will be finished. Therefore, the ‘program: itself, 
regarded as something flexible, although it was" developed with the various 


elements intermeshed into a complete whole. ‘It was planned | so that -adjust- 
—_ could be made from time to time to compensate for work completed 


sooner or later than anticipated. — It is only through this ‘flexibility an and con- 


stant vigilance that full advantage can be realized from any predetermined ; 


construction program. th will be noted from the program of April 1, 1927 
(F ig. 3), that the of. construction was as follows: New Jersey tower 


‘oundati ons, excavation for the New J ersey anchorage and approach, steel- 


for the 1 main— structure, foundations for the and 
Modifications of ‘this ‘program illustrate the “flexibility in actual 
of the ‘program. _ Even end of the first 1 


which, at first wi was to to precede the awarding of the for 


: of ‘the x main bridge. Because of delay in the final determination a : 
the placing of the New Yo ork in Fort. Washington Park, 


ze: contract _ preceded, by, several months, the award of the contract act for ‘the New 
York anche d tower foundati 


x, ere ‘As a result of the necessity for flexibility, the entire program was ict a 


at first in a state. of flux, changes being: made as is necessary t to meet delay 


and varying conditions which invariably occur at the eginning of ‘such 
large undertakings. was felt inadvisable under these circumstances to 


issue new ‘programs each time a change was made, and, therefore, the changes 
uals on their own copies of the program in 
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“way het ‘suited to their own needs. On May 5, 1928, a second ‘program w 
formally “prepared and issued, but, her here again, of ‘the necessity for 


flexibility, the } program remained i in force e for only” nine months, or until, 


ebruary 1929, when a further: In the of th 


sibili 


r 


74 Iti is to more de ta led sion of all the 


or the— reasons for them. Enough has been said to illustrate the extreme | 


= "flexibility of the schedules and to show their value in connection with work 


of this char: acter. attempt has been made, however, illustrate graphic. 


ally the fluctuations in ‘the | construction programs by the preparation of a 
composite re chart (Fig. n which the solid lines show each part of the work. 
as it was actually dom and, the heavy y dashed lines, the extreme yaria- 


_tions as set up on different construction programs. Intl the extreme left- 


column of this diagram the contre act numbers are given, which originally 


were e planned to run consecutiv ely as the « contracts were aw: warded, but which, 


as the diagram | shows, did not follow consee utively i n th case. 


contracts, two or three numbers are given in the chart. | The upper + eidiet 


js invariably the ac ‘tual contrac et number r, and the lowe r number, or numbers, 


are ¢ ontract numbers whic h at one. time or another were assigned to the work 
ecause of the necessity of controlling certain operations under individual 


- construetion contracts, in addition to controlling the time for completion of 
the work, the con istruction schedule was" included as a part” of the contract 
~ papers for such work. | For example, in the case of the contrac t for the Steel- 
work: of the main bridge, the construction schedule provided | definite, dat 
which the towers had to be erected, at which the cables were to com-— 


pleted, at which the floor steel erection | w as to be started and completed, ete. | 


a 


— 


In general, of course, the sub- -division. of the Ww vork ‘into separate ‘construction 


contracts for ] made unnecesary the inclusion of the con- 
truction | program in the contracts. The 1 usu ual “requir rements in the contract. 


pa papers were ‘only for the sania of some ‘certain part or ‘eaihe of the 


pes 


work by a date which would comply with ‘the requirements of the construc- 
tion program of the Port Authority for. the commencement. of subsequent 
operations. An | example of this type of ‘requirement was in the case, of the 
contraet for the } paving sand railings: on the main bridge structure, which 
required that the sidewalks and the installation of electrical conduits should 
be com pleted by a date in ance of that required for. completion of 


entire work under the contract, in order to contents to the construction 


program for installation | of electrical the bridge. 


f 
various divisions of. the work involved pig construction of 
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of ‘the Port Authority, qualified a: as s the lowest responsible bidder. _ Respon- 
sibility was determined by financial ability, experience, equipment, and organ- 
‘ization | to do the work. — In taost cases, the lowest bidder proved 1 to be satis-— 
‘factory, but sential: it 1 was deemed to be - to the best interests of the Port 
an the public to let the contract to one of the higher bidders. 
contracts were in. different types, which came to be known, 
respectively, as as the ‘ dong” form and the ‘short” form. The short- form 
contract was developed from the long form, eek for comparatively simple 
work involving relatively small expenditures. - Neither type, , however, was 
set up Ww with specific provisions or phraseology as | “standard” to be used in 
every case, but each contract was examined critically, both by y the Engineer- — 
ing and t the Legal Departments of the Port Authority, in the - light of the 


ae. work to be performed, and of past experience and general policy, 


and modifications both i in the “substance ar and the | wording were _ made from 
contract to contract. 


The intent of the short- form contract was to minimize the routine in 
the contract. The long- form contract. provided a a proposal that 
was an offer to enter into the contract for the work; its acceptance created 
an agreement for the » execution of the contract but not for the performance 
° the work. | The short-form contract on the other hand was a letter form of 
proposal for performing the work and i its acceptance -effectuated the con- 
4 
tract. Contracts in the short form were not publicly advertised; no cash 
¥ deposit was required for ‘the issuance of the contract papers; and no certified 
check was -Tequired with the proposal. The contract papers» were sent 
"prospective bidders. who were invited to submit proposals - in duplicate ot on or 
before a definite date, , generally without public opening. The successful 
_ bidder was required to furnish a surety bond before the return to him of one 
_ ory of the proposal with - the P Port Authority’s acceptance endorsed thereon. 
Except. under unusual circumstances, contracts in the long form were 
% dievtnel in engineering periodicals and in daily papers selected to give 
wide distribution throughout the Port District. In- addition, letters calling 
attention. to, and enclosing a copy of, the we were sent to con- 
- tractors likely to be interested in the particular work, and to agencies whose 
business i it is to keep contractors advised of prospective work. The adver- 
tisement always” described the work briefly, ; gave information for obtaining 
\ contract papere and the deposit required for them, and stated the exact 
“ine and place for public opening of bids. 
The proposals were « opened promptly at the appointed hour, and no bids 
‘received that were delivered after the opening» had begun. 
_ promptly as practicable after the opening, a ‘conference was arranged for ‘the 
rt. 
lowest bidder with the ‘Engineering Staff, and, except in cases where the lowest 


bidder was of known responsibility, conferences were also arranged with the 
second, third, and even the fourth low bidders. _ At each of these conferences, 
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the construction contracts were let on the basis of competitive bids, 
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TABLE 1—8 


at 


Dates of 
advertising 
work, opening 
bids, and 
awarding 


contracts, 
(3) 


New Jersey ‘Tower - two gran- 
| _ ite-faced piers, containing 36 000 cu. yd. 
of concrete and 1 400 cu. yd. of granite 
ation for New Jersey Anchorage and 

Approach — approximately 220 000 cu. 


; 


New York and Tower Founda- 
tions — 9 700 cu. yd. of concrete in two 
, tower bases; 107 000 cu. yd. of concrete 


for first part of anchorage 


Mar. 

April 11, 1927 
April 15, 1927 


May 12, 1927 
May 31, 1927 
June 2, 1927 


Feb. 9, 1928 
Mar. 5, 1928 
Mar. 8, 1928 


| 


Towers and Floor Steel — Fabrication and|_ Aug. 4, 1927 


_ Erection of Structural Steel — 40 000 tons 
a for two towers and 17 000 tons for main} 
Cables, Suspenders ond Anchorage Steel- 
- work — manufacture and erection of four 
__ wire cables weighing 30 000 tons and 1 300 
tons of 2}-in. suspenders, fabrication of 
5 000 tons of structural steel for the 
anchorages and erection of the steel i 


gh ott 


Main New con- 
crete arch over Riverside Drive, concrete 
and steel viaduct and miscellaneous | con- 
struction in adjacent streets 
Demolition and Removal of Buildings toe 
| New York Approach — between 178th 
_ and 179th Streets, west of Fort Washing- 
| Vehicular Tunnel in West 178th Street of 
| curt York Approach — construction of 
surface and sub-surface plazas between 
+ Pinehurst and Fort Washington Avenues 
and tunnel structure (except finish, pave- 
-ment, and lighting) from Fort Washington 
_ Avenue to Amsterdam Avenue 
' 
Riverside » Drive Connections of York 
Approach — construction of roadways and 
‘reinforced concrete arch bridge 
Heat wont 
cellaneous Construction — excavation 
¥ ‘principally i in rock and rough grading, and 
onstruction of walls and a 
* 


Paving and miscellaneous | construction for 


Oct. 3, 1927 
Oct. 13, 1927 


Aug. 4, 1927 
Oct. 3, 1927 
Oct. 13, 1927 


vob 


June 19, 1930 
July 14, 1930 


July 17, 1930 Uct. 


Oct. 31, 1929 
Nov. 18, 1929 
Nov, 21, 1929 


7, 1927 | 


Work Approximate 
completed 
29, “1928 
x 
May 25, 1929 
Mar. 13, 1929 
26, , 1931 


Oct. 23, 1931 | 8 193 000 


760 000 


| 


Oct. 23, Hai 


Feb. 27, 1090 


June 19, 1930 
July 14, 1930 
17, 1930 


ip 


1931+ 


q 


a 21, 1930 
Sept. 15, 1930 
18, 1930 


May > 8, 1930 
June 2, 1930 
June 5, 1930 


Oct. 23, (1931 


Jan. 


| 


Dec. 11, 1930 


the New Jersey Approach To Jan. 5, 1931 


+ 
Paving, railings and miscellaneous construc-| Feb. 5, 1081 
on Main Bridge and New York Mar. | 
Stra Office Building in Fort — a steel) April 23, 1931 
_ framed, masonry wall building for housing] May 18, 1931 
: and maintenance forces and| May 21, 1931 
“< ce Building a 
- May 21, 1931 


Oct. 23, 1931 

| Dee. 30, 1931 

| 
ha 

Dee. 20, 1931 


— 


| 


ARB-1 


HRB-1 


HRB- 
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‘No. No. 


HRB-13D.. 


HRB-15. 


Description of 


Pa cunt 


grok 


“a 
(2) 


— 

E bestatend installation i in Field Office Building 
Plumbing system for Field Office Building... 

Electrical Equipment and Installation on 


‘2 Bridge and Approaches — (except River- 


Dates of ad 


advertising 
work, opening 
bids, and 
it 
contracts, 
respectively 


| April 23, 1931 


May 18, 1931 
May 21, 1931 


| April 23, 1931 
May 18, 1931 
May 
May 7, 1981 
May 25, 1931 
May 28, 1931 


July 19, 1931T 


Work 
path 

1932 


Jan. 11, 1932 


Feb. 26, 1932 


cost 
J Beate writs 
a 
Bead 
000 


— 


| 
tac of 


to certain buildings en 4, 1931 
Riverside at June 22, 1931 
~ 


Final field painting July 23, 19314] 
four steel towers eight flood Aug. 31, 1931 


July 16,1931 
July 27, 1931 


16, 1932 41 


ATT 

work wa was thoroughly discussed every effort was 
the contractor had acquainted himself thoroughly with the work and 
_ was satisfied with the sufficiency of his bid, as well as to determine his fitness . 
to perform the work. prospective contractor, unless of well- known 
tation, was to furnish a number of references, as to performance 


were later investigated by the Engineering Staff), and to furnish 


Us 


financial statements and banking and credit references, which were 
gated by the Assistant Treasurer of the Port Authority. 


Following the investigations, the Chief Engineer rep 


ted the findings, 
together with a recommendation as to award of the contract, to the General 


Manager of the Port Authority. The report was then ‘transmitted | to the 

Port Authority Commissioners. ; who, by appropriate ‘resolution, authorized 

the General Manager to execute the contract. As soon as such resolution 


became effective, the successful bidder \ was notified by the General Manager > 


of the award : and was furnished with duplicate e copies of the contract: forms, 
‘prepared for signature. by the contractor. The return of these copies, prop- 


erly executed, together with security for performance, was ‘required within 2, 
‘seven days. Upon their return, they v were ‘signed by the General } ‘Manager, 
thus effectu ating the contract, and one copy was delivered to the contractor. 


This routine a Tequired three to four weeks from the date of the 


> 


Lee 
imate 
ea 
0 000, 
38.000 | 9200 
| 
-HRB-16... 
93 000 HRB-17.. 
o 
66 000, Total approximate cost of construction done under = 
50 000 
38 000 les 4 
4 
— | 
= 
23 000 
| 
q 
65 000 
93 000 A 
95 000 — 
13 000 
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receipt of bids, and therefore in some cases, where prompt performance was 
required, the ‘procedure was varied, and ‘the Commission authorized the Gen- 
Manager, in advance, to make an. award and execute the contract. 
ce _ The procedure during performance o of work under the contract w was not 
materially different from the usual construction practice except as it was 
_ affected by the complexities | of a large organization engaged, “not in one | 
great undertaking alone, but in several. The Chief Engineer was the respon: 
“sible | head, of course, but he ‘could not keep personally in touch with all” 
- details under all contracts. Direct contact with the contractor was, as far 
as ‘possible, through the Engineer of Construction, the Engineer of Design, 
and the Assistant Chief Engineer. Chief Engineer, because of his 
heavy responsibilities and duties, necessarily placed wide discretionary respon- 
sibility upon the various Division heads. _ ‘The contracts differentiated, by 
definition, between “ Chief Engineer” a and “Engineer,” and the two words were 
used throughout with the purpose in view of nielnn to a minimum the acts 
to be r required by | the ‘Chief Engineer. | The definitions provided that ‘ ‘Chief 
_ Engineer” meant the Chief Engineer (or in the event of his” absence | or 
disability ‘the Assistant Chief Engineer) acting personally, and that “Engi- 
ner” meant the Chiet Engineer acting either personally or through his duly 
- _ All questions involving additional expenditures (extra work, adjustments 
of prices, changes plans, delays, ete. .) and all matters affecting the con- 
tractual relations w were left to the decision | of the Chief Engineer. Questions 
pertaining to performance of the work, such as quality of materials, work- | 
manship, and orderly progress, were | left to the authority of ‘the Engineer. 
The Chief Engineer also (as is customary contracts for public \ work) 


acted in the dual capacity of representative of the Port Authority, in charge 


and the contractor, 
completion o: of the work under a detailed final inspection 
was made, usually by the Chief Engineer himself accompanied by one or 
- more of the Division heads and by the Field Engineers directly i in charge of 
the work, ‘Usually, the completion of of the work, there were a very 
“small number of claims by the contractor for r extra compensation, which had 
to be considered and adjusted. _ Furthermore, ‘the total quantities involved 
in work under unit- -price contracts were, of course, carefully checked, and | 
agreement upon them was reached with the | contractor. Following: this pro- 
cedure, the Chief Engineer issued a final certificate “showing the _entire 
amount of work performed and the compensation earned by the contractor. — 
In accordance with the requirements of the contract, the contractor was 
hice required to furnish a detailed sworn statement of all outstanding liens, 
claims, and demands, just and unjust, of sub- -contractors, “material men, | 
7 laborers, and third persons, and satisfactory evidence that the work was ‘fully | | 


released from all ae liens, claims, and demands. The contract provided | 
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th t provision, when final payment was At the time « ‘of 
= the final certificate, the Chief Engineer ‘submitted to the General 
Manager a report upon completion of the contract, and, upon the transmittal 7 
of such report to an appropriate resolution was adopted 
Considerable study was given the preparation of the form of « con- 
struction contract so that it would be clear and definite in its” provisions 
so. that it would place full responsibility upon the contractor for doing 
“his work and for damages resulting from his operations, but at the same time 
- would protect the contractor as far as practicable against losses from unfore- 
seen conditions. ‘Some of the outstanding and unusual provisions vill be 


3 discussed briefly in a ie order i in which they occur in the contract papers. fi 
Information for Bidders. Information for Bidders required each 


a a detailed ‘description at. the method and program of work he ponenting to 
follow. This was not intended as something» to which the contractor would 
be rigidly 1 held, but rather as an indication to the e Port 4 Authority Staff of 
the fitness of the contractor ‘and the thoroughness with which the problems 
had been studied. In this requirement, it was stated that the information 


would be pnw as confidential, but | nevertheless it was sometimes found 


could be elicited from the bidder. In spite of this reluctance of some bidders 
to disclose their _— the writer believes that this provision is valuable to the 


questioning was necessary before complete information 


ection of the _A much higher percentage was on the smaller 
me or ~ contracts. The amount of the check ordinarily varied f from 2% to 6% of the - 
of estimated cost of the work. he aim was to make it ‘sufficiently ‘substantial 


| very to afford a valuable indication of the contractor’s financial ability; and inves- 


iii 
-h had 


ation of the contractor's fi financial statements served to show whether the 
check was furnished by him or by a surety company. 


On the greater part of the contracts, each bidder was aed: to eleiaiite 
is pro- 


= “an agreement with his ‘proposal, signed by the su surety that he proposed to 
have execute the performance. bond. his agreement provided both that the 


surety would execute such a bond in case the contract was awarded to 
_ the bidder and also that, in case the bidder failed to execute the ‘contract, the 


surety” y would pay to the Port Authority the liquidated damages s set 


the Information for Bidders for ‘such event. This of Proposed 


in ease the low bidder should default and to the 
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certified check was considered the more valuable, the agreement of 
posed surety was abandoned. all contracts, except the short form, the 
ay 
contractor permitted, in lieu of the. surety bond, to deposit 
security duly transferred or te the Port Authority. 4. 
en. In unit- “price contracts, the Information for Bidders contained a megee q 
ment that the s successful bidder ‘should furnish ‘ “an analysis of bid prices” 
when he ninaanl the contract forms for signature by the Port Authority. 
This requirement prov ed helpful, and it is believed that it acts as a deterrent 
he 
against the unbalancing of bid prices. The a analysis’ was intended to, be a 
_ complete “break do down” of each unit price, ‘to be used as a guide for the deter- 
‘mination of an equitable price when, because of changes in “character 
quality of the work, it became 1 necessary ‘to make an adjustment. ‘An analysis 


as “hot generally required lump- sum contracts because it would 


¢@ mplex a is to be of little aid in any case of an adjustment of the lump- sum | 


orm of Contract. pol differentiation be between the contract proper and the 

specifications | was considered desirable, accordingly the contract 

vis isions proper were grouped in section | entitled “Form of Contract. 


_ provisions t to establish contractual r relationships were ir included in this section — 


and they could be changed only by the written consent of both p: parties. T he 


greater The Port Authority. contract, however, differs: 
= 


from the form « commonly used in that it is no 
paid under the’ ‘separate items were not payments made for, or because of, 
ae work pertaining solely to those particular items, but were prices applied to 

the quantities of certain classes. of, work actually performed. When 


prices were multiplied by actual quantities involved in their _Tespective 


items roducts were added, the total compensation to the contractot 
work was obtained. The co contractor was expected 
include in the prices of these items—in any manner that he considered — 


—— best—the « cost of all work involved i in the execution of the contract as a whole. 2 
The result of this provision in the unit-price contract was that it was unneces- Z 


to to provide a ‘specific item for each class of work to be performed, and 


=~ 


items were provided only for the pr incipal classes of work, such as excavation, 
concrete, ‘structural steel, and masonry, and for all classes of work, the vmod 
“of which was likely to vary from that originally estimated. 

Extra work was defined in the Form of Contract as work required by ~~ 
| Rupinser 3 in addition to that required by the contract drawings and specifica- 


tions which, in judgment of the Engineer, differed in general char- 


=| 
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| ss Contract gave specific authorization to the Chief Engineer to modify the | tl 
contract drawings and specifications, to require performance of work not 
f t T 
a 
ae 
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a) | 
quoted. Ihe Uhief Engineer was authorized to make agreements with the 


for u price lump-su sum compensation for extra “work, or to 


for as the Chief ‘Engineer deemed ‘reasonable. 

q In order to insure fairness in | compensating the contractor in the es 
— changes in plan or unforeseen conditions 

quantities of work pertaining to. any item, or r involved changes char- 

ps or quality of such work, the Form of Contract contained a provision 

giving the Chief E Engineer authority to increase or decrease any of the unit 

_ prices quoted to such extent as, in his ; judgment, would effect ‘the proper 

-ieton in the ‘compensation warranted by such change in the work. 


In the case of such modifications, the Chief Engineer was also authorized to 
: “agree with the contractor upon lump-sum 1 adjustment i in lieu of adjustments 
of the unit prices. In the « case of foundation work in particular, where the 
quantities | may vary considerably from those estimated, this provision makes 
for fairness and equity because it provides for proper distribution of cost of 
plant and equipment, through adjustment in the unit prices. tac, inset 
— _ The contracts did not provide any bonus i in the event of completion before 
specified date, but. they did provide heavy liquidated damages for failure 
te 0 complete within the time limits set up in the contract. I In the handling of 


- work of the magnitude of the George Washington Bridge > under a program 


various parts of the work While it is true. 
that every opportunity must be taken to advance the completion of the entire | 

work, nevertheless, a bonus o1 on early completion of individual contracts n might 

result in speeding up, out of all proportion, such parts of the work as could 
be expedited. This would result i in certain: Parts, being ‘completed in 


ex ‘contract for was s placed one those 


- for the two towers and the two anchorages with three other contractors. it is 


te evident t that any one of these three o other ly sengaaan under the > stimulus of a 
| bonus award, might have been completed far ahead of the others with: no % 


resultant advantage to the Port Authority, because the eable work could n not 


be started prior to the ‘completion of all of them. 
ge Conversely, the beginning of the cable delayed, by the: 


failure to complete on time any of | the other three contracts. This latter 
“condition was guarded against by liquidating the damages resultant there- 
from in a very material sum. Such large sums of 1 money were invested, —_ a 
_ the prospective revenues from the bridges were so great that it was impossible _ a 


yas. 


= = 


> 


: 


October, 1932 GEORGE WASHINGTON BRIDGE: ENGINEERING ORGANIZATION 1867 
‘the 
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ully the - possible damages t that might “result by reason of delay, 
= edi, each contract was carefully considered by itself a nd the liqui- - 


dated damages fixed in as large an amount as the contract would reasonably - 


a many of the contracts, specia provisions were made_ with regard to 

payments to the contractor. was expressly prov ided i in the 

of Contract that the monthly } ‘payments were to be made as advances to the 
to assist in financing the work. The sum retained out, of 
such monthly advance was regarded as security to the Port: ‘Authority for 
_insuring performance of the work and protection against possible “errors 

e of interest © 
money borrowed by the Port Authority was 18 generally less than rate that 
would be paid by a a contractor, the effort was ; made, i in the interests of economy 
- in the work as a whole, ' to keep the retained amount at the smallest value 
consistent with proper protection. This was accomplished in several: ways. 
For example, in Contracts HRB-5A and HRB- (Table 1) provision was 
- that 10% of the monthly estimates would be retained at first, but — that 
when the value of the work performed was equal to one-fourth the total con- 
tract price e, only would be. ‘retained. When the value of the 
reached -one- -half the total contract price, 5% would be retained; and when 
3 it reached three-fourths the total contract price, only 2% would be retained. 
In other contracts, provision was made that 10% _ of ‘the monthly estimate 

S would | be retained until the value of the work performed was one-half the 
te total 1 contract price, and thereafter the fixed sum of 5% of the total contract 
price would be retained. Inc contracts involving large sums of “money the 
_smaller percentages afford and it writer’s 


conditions affected of monthly payments on on the 
tracts for the cables and for the towers and floor steel. The Port Authority | 
ould not profit by having a part of the work under these contracts com-— 
pleted far in advance « of the date in the construction program — (as, f for 
example, one tower); nor by having the fabrication. of the cable wire pro- 
ceeding too rapidly in advance of the tower work; nor that of the floor sys- 
tem too far ahead of the completion of the cables. Since the amount of 
“money invested in. these parts of the work was so large and the ‘interest 

_ charges on it ‘correspondingly, heavy, it was desirable to hold the. contractors 
This | 

_accomplished by providing that the monthly estimates should ‘in mo case 
‘exceed a sum obtained by dividing the total contract price by the period | of 
duration of the contract and mu Itiplied by the total elapsed time, even if | 


the work was performed with such rapidity that 1 in many cases, the value of the 


_ work accomplished v was considerably i in excess of the monthly estimates. This | 


"provision worked no 0 injustice to the ¢ contractor, because, inasmuch as the limi-_ 
- tation schedule was, known i nina advance, ‘its effect was fully discounted and the 


: greater speed of construction was adopted because the savings: in labor and 


use of plant were of such magnitude that they justified fully y the increased 
financing burden placed upon the contractor. 
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has been previously stated, full responsibility was placed upon the con- 
tractor for his work and for call damages and claims for damages ‘resulting 
therefrom. — The contractor was the insurer of ‘the Port Authority against | 
“all out of the performance of the work; and he was 
re quired 1 under the contract to warrant that he had financial ability, that he 
experienc and competent, that he was familiar with rules and. regula-_ 
tions affecting the work, he had examined the contract drawings and 
specifications ar and ud the si site, that the work could be performed satisfactorily, 
. and that ‘there was no collusion or fraud in connection with the contract. 
~ In short, the Port Authority placed full dependence upon the contractor to 
_ produce the finished work for the compensation named in the contract, ‘and 
all costs and expenses i inv olv ed i in the work were his « obligations. This ‘course 
was justified because of the thorough . studies, ‘surveys, and sub-surface inves- 


tigations which the issuing of the contract because 


The ‘decisions of the Chief Engineer were, by the 
final on all questions relating to the work and its performance, and the con- 
tracts p prov vided that the contractor must proceed v with the work in all ev vents. 
However, ‘since the contractor 1 was limited to money damage only, i it pro- 
vided that at should. he object to ad decision of the Chief Engineer in regard 


‘to compensation, such disputes should be referred to arbitration under 


rules of one on “Arbitration, of the of of 


“experienced in te. covered selected from 
ng those listed as “E ngineers” or “Consulting Engineers” in the Chamber of 
Commerce list of Official Arbitrators. They were empowered to make 
a decisions a as to questions of fact, which, i in am, » could be submitted to appro- 


ay 
of the reasonableness 0 of the Chief E ngineer’s ‘decisions. 
Whe possible, latitude was given to bidders for applying their 
‘ingenuity, experience, and facilities toward dev eloping the most economical 
methods for performing the v work, . The contract for the foundation 
for the New Jersey towers provided for competitive bidding on two types of 
construction ; namely, pneumatic | caissons or open coffer-dams. It. had been 
found impossible to determine in advance which of these methods would be 
most economical. Therefore, complete drawings, , specifications, and schedules 
_of prices were provided because both methods and bidders were permitted 


submit. tenders on either or methods, selection to > be reserved until 


submitted tenders on | both methods, the prices quoted on the one not adopted - 
no hei the contract, s SO o that, after the contract had 1 been 
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~— he would be obliged to perform the work under the prices quoted gi J &§ 
= petra owever, after the award of the contract it became advisable, in the . . 


opinion of the Chief Engineer, to rever revert to the more expensive method, he 
had the authority to apply the unit prices of either method. This 
- foreclosed the possibility of a contractor wilfully submitting a low bid on 


one method with the idea that, after he had been awarded the contract, he 


could revert to the other at a cost to the Port Authority that might eke 


For several re reasons unusual contract pi provisions ‘were necessary con- 


nection with the steelwork | of the main bridge (the cables, the towers, and 


the floor steel): (a) It was deemed advisable not to determine in advance 


be handled as one contract or 


of receiving bids whether all this work should s 
whether the work should be separated into two contracts ; and (b) it was 
thought: desirable to call for bids on two alternate types of cables—parallel 
wire or -eye-bar—and also on alternate methods of procedure an and arrange-_ 
ment. By one ‘method of procedure all four cables would be constructed | 
‘simultaneously, while by the alternate ‘method one cable of each } pair would | 
be | constructed first and the second ‘subsequently while the floor steel was” 
“being erected. As for arrangement, could made upon the basis of 
the two cables. of e each pair constructed side by side or one above the other. 
Decision | as to contracting for this work as a whole or in two parts could of 
not be made in a advance because it was felt that some contractors might wish — 
submit favorable tender for the entire work than would 
proposals v were re received separately for the cables and for the towers and floor 
steel, and these separate e bids sin simply added 1 together i bh order to provide for 
these various alternate arrangements and types of cables, complete contract 


and specifications were drawn, covering both types. of cables, an 


the: contract for this entire designated “HRB- that for 


HRB-5 -5; to bid on parts 


‘the ‘structure separately were instructed to ‘fill in tl the proposal blanks on Con- 
tracts HRB-5A and HRB -5B; ‘and the contract provided that the acceptance 
of either one of. these proposals would constitute a rejection of the other 
"proposal. Finally, bidders desiring to bid on only one part of the work were 
instructed to fill in the proposal blank for Contract HRB-5A or Contract 
-HRB-5B, as the case ‘might be. I In order to provide against the contingency 
of receiving a favorable quotation ‘on one type > of cable, and not receiving — | 
a suitable ‘proposal for. the towers for that type, contractors submitting p pro- 
posals” on Contract “HRB- 5A were required to bid on the designs for both 
| the acute competition at the time between interests 
and eye- -bar cable interests, and the comparatively few contractors quali- 
Ay to bid on this part the work, there was the further possibility 
= that contractors qualified bid on the entire ‘structure would do so with- 
out bidding separately on the towers and floor steel. This would result in 


a lack of competition on 1 Contract HRB- 5A for the towers a and floor s wal 
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on of the bidder t to the and floor | 
directly or tt through a sub-c contractor, every bidder submitting a 
ars posal for the entire e steelwork was | required also to submit a a proposal for the 

towers ‘and floor steel. alone, o or ‘to arrange to have sub-contractor 


October 3, 1927, proposals were receiv red bidders, resulting 


in fourteen different combinations | covering the steelwork. The | lowest bids 


Wire ¢ cables in preference to eye- -bar ar cables. 
i (2) The cables were { to be placed in in pairs, side by side, instead of one 

One cable of each pair was to constructed first, so that 
ve of the floor steel could proceed at the earliest date, ‘while the other 

two cables were being constructed. 


(4) steelwork was let to two different the 
“suspenders, and anchorage s steelwork, and the other } the towers 
F urther by the contractor fo r the eables subsequent to the 
tting of the contract developed a material advantage, both to the contractor 
nd to the Port Authority, i in the construction of all four « cables simultane- _ 
- ously and, accordingly, although the contract had been awarded on the basis — 
of successive erection of the cables, an agreement was made in the spring of 
1929 whereby the cable contractor was to erect all four cables simultaneously 
under conditions such that the date for completion | of the entire work, and | 
incidentally that for completion of the entire’ s structure, was materially 
, the preparation of the specifications, the same care was 
: given as in the preparation of the Form of Contract and the contract drawings, ‘a 
with the intent of insuring work of the highest quality i in every respect. was 
that the ‘specifications were to serve as instructions to the bidder 
as to just what work wa was to be performed, and as to the standard by whic 
the quality of work was to be controlled. , Te accomplish these 1 purposes, 
; wes realized t that | the specifications had to be complete, definite, and clear. 
_ Each set of specifications was arranged in a series of chapters, ‘so as to 
"place. the requirements before | prospective bidders clearly and conveniently, 
_ and so as to provide for easy reference i in the future by the contractor and— - 
the engineers. The particular chapter divisions adopted for any contract. 4 


depended entirely upon the nature of the work to be performed under that 
contract, a and no “standard” arr angement as considered desirable. An 


‘ia as a separate unit. It was known that at least two or three conce ee 

| interested in wire cables; but. it was expected that they would not 
gat proposals for the towers and floor steel, and, therefore, it was possil ' 

1 on - because of failure to obtain a satisfactory proposal for the towers and floor Ss 

g be a steel alone, it might be impossible to take advantage of a low proposal =  #&©;«3«@dsze 
sibly the cables. To prevent these contingencies, it was further required that, _ 
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a previous specification without considering whether ‘the provi- 
sion applied ‘Properly "modifications were required to m meet the 


ractice was as first section a chapter | entitled “General 


Provisions? as This w as invariably begun with a carefully prepared statement ere 
of the work covered by the ‘specifications. The statement was intended in no 


way as a limitation upon the work to be performed, , since, by the terms of the 4 pean 
contract, the contractor was obligated to > do everything necessary | or proper OB factu 
Le 
_ for, or incidental to, the completion of the p particular part of the we rork covered 7 par 
by that contract. It was intended rather er as a comprehensive picture of what — ew 
was contemplated under the contract, so so that the contractor could r u¢ 
entire specifications with a a better understanding. This statement w 
lowed by the the specific requirements of a general nature, ‘such as the co- opera 
tion with cot contractors engaged in other parts of the construction work 
precautions to. be taken to safeguard injury or damage the 
work itself, to traffic, or to persons or property; temporary ‘structures to be | 
required for 3 the work, such as fences, falsework, v walkways, ete. ; sanitary 
Be The parts of the e specifications that followed the “General Provisions " Bhar 
‘were subdivided into convenient chapters. In case the work involved many — Me 
+ trades, as, for example, in a contract for a building, the chapters were /sepa-— } Co 
rated into distinet classes of work which the general contractor might wish 
to -sub- contract. i the w Ww ork involved only o1 one, or only : a few types, of con- 
struction, however, the chapter divisions were based on the different classes 
of workmanship or construction involved. In a contract for fabrication and | 
erection of structural steel, example, separate. chapters were devoted to 
design and detail, for the use of the drafting- -room ; ; to manufacture and 
4 workmanship, : for convenience of the shop; to field work, for the > requirements _ 
in erection; to _ materials, for the benefit of the ‘mills; and, finally, to inspection _ 
and tests. “As: far as they were applicable, reference was made to the — 
Specifications of the American Society for Testing Materials, and, with the — 
‘consent of that Society, rep reprints of the specifications r referred to w ere 
printed contract papers, reference was of only 
ae Special care was given. to avoid repetition, and to use phraseology | that | 
was plain, simple, straightforward , definite, and free from ambiguity. | It was — 
_ realized that the specifications, ¢ even more than the other parts of | the con- -_ 
tract, are read by different types of people—the engineer, the contractor, . 
‘the material men, and, when disputes arise, the lawyers and tl the Courts—and- 
that carefully « chosen 1 wording i in the specifications, therefore, was essential. In 
general, because | of the fact that the contractor was held responsible, under 
terms of the contract, for all damages s arising out of work, the effort 
was made to specify | the results desired, and not to specify methods by which Bs 
the work should be performed, in order to avoid any implication, in case of x 
damages, that the contr actor: wi merely fol! owing instructions and that, 


therefore, the e1 engineer er shared the responsibility with him. 
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‘It was farther borne in mind that repetition can casily lead to ambiguity _ 
and inconsistency and that, under such conditions, the Courts invariably rule — 
that the contractor is entitled to the interpretation ‘most favorable to_ his 
_ interests. In certain cases, it did become absolutely 1 necessary to repeat, but | 
in all such” eases care” was exercised to s see that the two statements 
“consistent, 

Throughout all the work, the Port Authority consistently yefrained from 
specifying a proprietary article of a trade brand or of ‘a particular ‘manu- 
facture. Tt sometimes happened, however, ‘that certain m materials were 

wanted the manufacture of which had become so standardized that it was 

7 literally impossible, except by going into disproportionately great detail and © 

q length, to indicate what was desired. such cases, the article of specific 

: : brand or manufacture v was clearly specified a as a standard by which competing 
materiale of the s same nature were measured, and the good old _time- -worn | 


phrase, “or an approves ed equal, was inserted. 


The ful bidders in 7, able 1 are: HRB-2, 2, 
Silas B. Mason, Incorpor: ated ; ; Contract HRB- 3, Foley ‘Brothers, Incorpo- 
HRB-7, Klosk ; Contract HRB-9, William 
McGarry Company; Contracts HRB- 10 and HRB- 11, George M. ‘Brewster 
and Son. , Incorporated ; Contract HRB-12, Corbetta Concrete Corporation; 
Contract HRB- -13A, ‘Robert J. Murphy, “Tneorporated Contract HRB- a 
"Andrew Green, Incorporated ; Contract HRB-130, Hoffman- Elias , Incor- | 
porated ; ‘Contract 13D, John Boy d Plumbing and Heating ‘Company; 
a ‘Contract HRB-14, Beach Electric Company, Incorporated; Contract HRB- 15, 
_ De Riso Construction Company; Contract HRB- 16, Skolnick Building Cor- 7 
poration; Contract HRB-17, Salkind Tneorporated ; and, ‘Contract 
HRB-18, Auf der Heide Contracting C ‘ompany. ey? 
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_ FOUNDATION TREATMENT A ie, 


RODRIGUEZ DAM? 


By CHARL ES Pz IAMS,” M. AM. Soc. 


for the Rodriguez Dam, on on tijuana River, Baia (California, 


stream bed is of inferior and, in in some disintograted, 
“geologic: fault about 20 ‘ft. in 1 width extends along the border of. 


A brief introductory description of the project | and of the dam is given, 


the geologic formation at the ‘site is described, and ae foundation structure 
that supports that part of the dam otherwise would on poor 


Mexico. The dam is of the Ambursen en type, and, s designed, has. a a greater 


New ao 


Rodriguez Dam ‘is situated on the Tijuana 


‘Tijuana. Its purpose the storage and diversion of w ater ‘for ‘the irriga- 
tion of | about 5000 acres in the ‘Tijuana Valley. in Mexico, and for domestic 
supply for the municipality of ‘Tijuana which has a population of 10000. 
The drainage basin of the river, which lies partly in Baja C California a 7 
partly i in San Diego County, California, has an area of 1670 | sq. q. miles. | 
+e greater than that of any other stream south of Los Angeles, Calif., and 
yal pen of the ering River; it t nearly equals the gs area | of the “drainage 
basins of stream has 
the larger and more southerly of which the Rodri- 
has been located. The area ‘of the drainage basin above the 


on this paper will be in January, 1933, Proceedings, 
2 Presented at the se of the Irrigation Division, Sacramento, Calif, April aa 
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3 13 6 ON TREAT 
7 FOUNDATION ‘TREATM! ATMENT AT RODRIGUE VA UEZ DAM 


Like all streams in n the vicinity, the flow of the River in ordinary 


of flood waters. Periods of from 5 to 7 years, in whith flow is insignifi 
- cant, may be expected, and consequently large carry-over storage is important, 


and municipal supply from 


Rodriguez Reserv voir, a a capacity of about 110 000 acre- -ft. is 1s necessary, requir- 
ing ‘a maximum reservoir water surface about 180 ft. above the stream bed. 
While streams in this vicinity, even during the rainy season, have very” 
_—. flows in ordinary years, excessive floods sometimes occur. The largest 
— flood of definite record | was that of 1916. Some of the streams in San Diego 
- County, at the peak of that flood, had flows corresponding to coefficients 
-Tanging from 5 to 7 Talbot’s formula. At that time, the flow of the 
‘Tijuana River, below the Arroyo which empties into the river 
immediately below the Rodriguez Dam site, and which has a drainage : area 
2 of only 115 sq. miles, was as about 70000 sec-ft. It is estimated, however, ‘that 


‘The Rodriguez site ‘is in a gorge which, at its narrowest section, h has a 
width a at ‘stream bed of about 100 ft.; at 130 ft. above stream bed, the width 


is about 750 ft. Beyond this, on either side, the gorge is flanked by a sane 


Rock outcrops | throughout a considerable portion of the site , the rock of 
the canyon walls at | the gorge, , that of ‘the western slope, a1 and that of a part 
‘ of the eastern. . slope being rhyolite, while that of the easterly part of the 
— eastern slope is granite. | The rock is fused at the contact between the granite 
Wars 
and the rhyolite, showing the former t to be the older rock, ‘and indicating 
that no 0 great leakage from the reservo oir - may be expected along the contact. 
‘The surface rock of the canyon walls, in the narrowest se section, is fresh and 
hard, although considerably broken ; that of the | slopes is generally badly 
weathered, and, in some parts, considerably disintegrated. On either side of 
the canyon, are a number of cleavage which dip toward the 


bed and, in some cases, up stream. = 


the preliminary investigation of the | dam site, nine 


int the stream bed and fifty- -two test pits were excavated on ie aide tat, 
~The latter indicated that suitable rock for foundation could 
ordinarily, with comparatively shallow excavation. the site of the east 
_ wing of the dam, for a distance of ‘about 500 ft., i , suitable rock ok was found | 
7 oa at depths : ranging from 15 to 25 ft., while at the site of the proposed spillway, 
‘ on the west side of | the river, the depth for about 100 ft - was from 15 t to- 
4 40 ft. Five of the nine borings in the stream bed indicated ‘satisfactory rock 
depths: ‘not exceeding 50. ‘ft. From four of the borings, no cores could 
obtained, the borings being easily with a chopping bit. The materials 
obtained: from two of these four borings were clean sharp stone chips, but 
ey rv materials from the other two gave considerable evidence of disintegration. 
- After the borings had been made and a number of the test pits had been 


"excavated, , the geological formation at the site and in the vicinity, both in i 
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: d by a geologist, who reported 
4 that, in his opinion, the rock in. th tream bed, ‘that of the western flank, _ 
and of the e eastern flank, would be suitable for 


eo The dam is of | the Ambursen type. Its maximum planned ‘sscabia is 
187 ft. above the stream bed and about 240 ft. above the lowest foundation 
-bed-rock. The length of the crest is about 2 000 ft. the central part 


the dam for the west wing, heap! spacing of ‘the buttresses’ is 22 vend 


vary in “thickness from 19 in. at thinnest. section, to 66 in. at 200 ft. 
below ‘the crest. T ‘he ‘thickness of the deck varies from 25 in. at 15 ft. below © 

the crest t to 64.5 in. at its lowest portion, 1 192 ft. below the crest. The lower rs 

fa ace of the deck has a slope of 1 aad me and the down-s stream face of the but- — ” 


5 by 5-ft. sliding by a The service 
works consist ¢ of two 80- -in.  cast-1 iron pipes, at an elevation about 33 ft. 


-valve, and 30-in. vate- - The « will 


by 30- ft. gates on beatings. Wi ith an clev: 


of the water surface 6. 5 ft. below the crest of the 1e dam, ‘ 


a designed ts capacity y of 150000 sec- 


1928, Gen. “Abelardo L. Ro odriguez, Governor of the 

ieee District of Baja California, entered into a contract with the Am- 

bursen Dam Company for the « design and construction of a dam at the 

Rodriguez site, to be ‘subject to the approval of the Government. 
Excavation in t the stream bed was begun by sub- contractors on May 2 21, 
1928. August, bed- rock wa as “encountered several” points near the 

 up-stream limit of excavation, at about 3 35. ‘ft. below the original | 
A fault, about 20 ft. in width in the expound portion, 

which in a. direction nearly parallel to the stream bed along its 


eastern and) Ww vhich not been indicated surface conditions, 


—_ Consulting Geologist for the National Commission of Irrigatio a 
Mexico, and the late A. Wiley, M. Am. Soc. E. , were ealled for ‘con- 
reg garding the conditions affecting site for 
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FOUND ATION TREATMENT | AT RODRIGUEZ DAM 

“the construction of a dam of the he type proposed. 1 The problems | ‘i ‘be con 

sidered w were the possibility of excessive leakage from the r reservoir, the 
ticability of obtaining adequate | foundation for the dam, the probable depth 

and extent of cut-off wall required, and the possible danger of future re seismic 


Zone of Shattered Rock with Thin Seams of Gouge 


‘Fie. DaM: LONGITUDINAL SECTION oF | Cut-Orr TRENCH IN 


‘disturbance. A further i inspection was made by Messrs. Wiley and 


on November n to 13, 1928, at which time the cut-off trench had been exca- 


vated to a depth of about 33 ft. below the bed-rock surface. 


After ‘this ‘inspection, Dr. Ransome reiterated his “opinion | as reported pre-- 
4 viously. under date of September 13, 1928. . In the report ‘mentioned it it was 


— defect, “however, was the existence of a fault zone which, although it had “a 


Seale in Feet 


I 


Face\ . 


of Cut-off Wall | 


Downstream 


— 


Buttress Axes 


Fie. 2.— CHARACTER OF Founpation Rock 1 IN” RIVER. (CHANNEL, 


inactive for more than 100 years, might conceivably move int the 
Nevertheless, such movement is not expected and Dr. Ransome stated that 7 " 
4 the risk was not so great as to justify the condemnation of the site. Joie thes — 


longitudinal section of the off trench i in the: stream bed, gt 


the in the tel is. ‘shown 


1 _The ‘general character of 
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October, FOUNDATION TREATMENT ‘AT RODRIGUEZ DAM. 


‘The bearing power olf the rock in the stream bed varies greatly i in different 7 
pave of the foundation area. a. Four of the buttresses, if founded ‘on the 
natural material, would rest for a part of their lengths upon material = 
- telatively poor bearing power. The easterly two of the four would be founded — 
for part of their lengths upon the material of. the main, fault. It 
- realized, eeetene; that it would be necessary to support the four buttresses 


by a structure of a type such that the loads from the weaker parts of the 


After “number of studies been made a design was sub- 
= Providing for : a rein 


stl reinforeement, were massive conerete ribs, 5 ft ft. ‘thick a 
spaced 20 ft. , center to center. These ribs were designed so as. to transfer 


the buttress loads, by internal arch action, to the sound rock on either side 
_ of the stream bed. . The internal arches were defined within ‘the ribs by: means of 
bands” of reinforcing steel which were extended through the buttresses, the 
buttresses and 1 ribs forming a cellular structure. _ Besides ‘serving as a support. 
for the buttresses, ‘the ribs were intended to serve as horizontal bracing for _ 
rock of the canyon was cut by a number of planes 


The design was reviewed Fred A. Noetzli, M. Soe. C. E., and 
was found sufficient for the purpose for which it was intended. 


. Later, it was 


Pia considered by a Consulting Board consisting of Messrs. Wiley, Noetzli, and 
ell the writer, assisted by Spencer W. Stewart, M. Am. Soc. C. E., which Board | . 
while the structure been found by to be 


of massive -voussoir blocks radial 
2a In designing the structure ~— upper part was to be considered an arch 
the theoretical intrados intersecting the canyon walls above the lower 
of sound rock. It was to be assumed that the load of the concrete 
below the theoretical intrados would be carried by the ‘natural foundation 
material, and that the arch would support only the buttress loading with 
reservoir water surface at the elevation of assumed high water, the weight 
of the arch above the theoretical intrados, and the water load between the but- 
tresses to the elevation of assumed low water below the dam. Since the 
structure was assumed to be at all times, ‘stresses: due 
in temperature were to be neglected. under the structure, 


due to low- water pressure, was s to be ‘assumed. Further consideration of the 
- problem led to the adoption of a definite construction joint at the intrados. —— 


account of the importance of the Ge 


‘ prepared by Mr. Noetzli and tk the contractor. 
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oa the up-stream cut-off wall to the toe of the dam, with a curved extrados and —s—i‘<‘iéiés*@S 
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FOUNDATION TREATMENT AT RODRIGUEZ DAM Papers 


consisting of Messrs. W iley and Noetzli, C. V. Davis, . Assoc. Am. 
Soe. C. E E., and the writer, and final conclusions were reached regarding howe’ 


The essential features of the adopted design are shown and = 
an 


sible to avoid undesirable twisting moments the arch 


irregular deflection along the line of support of any buttress, the axial line 


WwW B W “are by ‘the arch. 
x 


— 


= 


T 


of the was made parallel to and equi- distant the 


Tines of the buttresses, A East and A West. ‘This made it necessary, at 


On account 
se widths to be spanned, and of the non- wheuliaes loading, it was ne necessary 


to ) use ar arches: of greater rise at the up-stream and down-s -stream parts of the | 


structure, than in the central part, as shown by Fig. 4. 


Asphalt Joint between 6 Pipes through Buttress opposite 
 \A&B Buttresses ( 2” Water Inlet Pipes, = 


2 {Oiled Joint= ! 
between Ribs, Arch Tr 
“and Extra 


& 12” Water inlet Grooves 
continuous under Arch Barrel 


_ 4—T YPICAL Src TION THROUGH BUTTRE ss, RODRIGUEZ DaM. 
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’ a were cut across the s stream bed, i in the fault zone, and where the rock 


1982 


is ex | 
_ The are is designe to carry a full superimposed load. EW It is expected, 
_ however, that a considerable part of the load will be supported through the — 

stb -intradosal concrete by the natural material in the stream bed. Where, 

} however, such material has not supporting power sufficient for the entire ald 
thus relieving the natural material of as much - this load as “may be neces- 


Before beginning the -constru of the sub-intradosal blocks, 
out-of -off trenches about 3 3 ft. deep, 2 ft. wide, and ‘spaced 2 25, ft., center to. 


nA 


Boye there i is incipient settlement, a part 0 of the load will be taken by the arch, | 


of inferior The stream bed was then covered with concrete 
mat, not less than 2 ft. in ‘thickness. Substantial key- -ways, to prevent sliding, 
were eonstructed the “upper surface of the mat 
The s ub-intradosal concrete was vas constructed of inter- blocks, as. 
shown in ‘Fig. 3. The upper of the blocks, upon which 
barrel rests, were finished smooth and painted with oil to prevent 
Transverse keys about 6 in. n. deep and 10 ft. wide, were constructed in the sub- 
_intradosal blocks in order to prevent sliding of one course upon another, or 


Normally, the water pressure under the arch will that due to water 
below the dam. - During a flood, the water below | the dam might rise within 
a short time to 15 ft., or more, _ above low water. T This, coming at a = 


‘when the reservoir would be - full, would impose a heavy load upon the arch 


unless provision was made for equalizing the pressures upon the extrados 

and the intrados. To accomplish this, water-1 inlet grooves were constructed 
‘the entire -e length of the arch, with 2- in. inlet pipes at 15-ft. and 20- ft. inter- 

vals. It was first intended that these grooves should be filled with screened 

- gravel, rai ranging in size from } + in. to } in., the gravel to be covered by a layer 
of porous s mortar. Owing nid ‘some of the grooves being | on steeply sloping 

surfaces, it wa s found very difficult to retain this type of filling in place. — 

_ The grooves were filled, therefore, with pre- -cast blocks of mortar, consisting 
“ 1 part cement to 10 p parts of coarse manufactured sand. These blocks 

= so porous as to offer very little resistance to the passage of water. — Afte 


being placed in the “grooves, they were covered with a coat of mortar con- 
sisting of 1 yas cement s and 3 parts | river sand 


Between the haunches of the arch and the walls ‘of the ¢ ‘canyon, concrete 
| Aline was placed to varying heights, 


the ‘Tock walls. Above this filling above the extrados of the arch, 


eonerete walls 5 ft. thick, spaced 20 ‘ft., center to center, have been 

| sonst to the elevé ation of the stream bed, these walls, as well as the 
haunch ‘filling, being § for the purpose of br racing the side walls of the canyon, = 4 
a a preventive of possible sliding on, planes of cleavage. pelt 


In order that it may be ‘possible at any time to determine the anak 


at various points at the base of foundation. structure, 

* thirty- five 4 “in. , galvanized ai and dipped pipes have cnt placed in the struc- 

ture, leading from the ; points at which the uplift. pre essure is to be —<#~s, 
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a 1 few | leak upward, ¢ then horizontally to four centrali zed points, from which 
‘continue vertically ‘upward through the . structure. Eventually, the pipes 
_ will be extended vertically upward to observation platforms above high water ry 

_ below the dam. The lower end of each vertical riser will be always below the ne 

hy draulic at the point where the pressure is measured. The pressure 
as de a by observing the elevation of the water surface in the riser 


, or by a pressure gauge, if, in any case, the elevation. of the see Die, 


at the point to be is higher than ‘the > top of the riser Pipe. 


plan of the pipe system is shown by Fig. WY 
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Buttress Axes 


~ 6 Pipes to Well No.5” 
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= 
6 Pipes c*rried to wen 
No. at 1, 59,75 + ou 

 and,Dipped Pipe\, Pipes carried to well- DETALS 
No. 10 at El, 59,75 +m. 


DETAIL 4 


hich we 


designing the several theoretical sections of ‘the was, as 
_ Having determined the thickness and other dimensions of the arch rib 
by trial computations at a given section of the arch barrel (on the basis of its 


the arch axis made to coincide with this pressure line. ‘The direct com- 


span and ‘Tise), the pressure line for the loads and weights was drawn and 
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as the most suitable because e large concentrated buttress loads. [he 
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Buttress Axes 


lad 


October, 


t the abutment. could “then readily be 


and temperature varia- 


to ‘the direct compression stresses, gave maximum and x mini- 
i stresses at the crown and at the abutments. — The half section of the 
arch was divided into ten hypothetical voussoirs, and the stresses es were com: 


The working loads the arch-barrel designs were, for maximum = 


compression, » 700 db. sq. and for maximum tension, (50 Ib. per sq. in, 
- The final designs showed 3 no ) tension in any arch section and no reinforcement 


The intended minimum n compressive ‘strength of of concrete. at 28 days, 
adopted for the n mat, for the ied barrel, and — the 5- ft. bracing os 


of mera used per Datel, in making concrete of the of 


18. 3 cu. ft. 


24, 


Afterwa rd, it became ‘evident that the desired could be obtained 
ll a greater water- cement ratio, and the ratio was increased to 1. 08. The The 


use of the ratio made possible to reduce the quantity of cement 


‘concrete Ser thee ole intradosal blocks, ‘the » volumes: of materials } per ‘batch first 


used were: 6 sacks of cement and a water-cement ratio of 1. 25. - The sand . 


and. mind quantities were the same as for the 2 000-lb. concrete. 
r of sacks of cement per batch was reduced afterward to 54, with no 
he design of the transition structure | between the flexible barrel 
and the ‘ig gid cut-off wall was a problem of some difficulty. The tra ition 
is shown in cross-section by ‘Fig. 3. it consists. of a massive block of con- a 


crete having a vertical depth ranging from 40 to 50 ft. and spanning the 


“entire stream block overlaps: ‘the cut- t-off wall and is tied by steel 


tion has insufficient power. is at its pr 
by. seven courses of ‘1}-in. square diagonal tension bars, spaced 24 in, center 
to center, to aid in carrying the load at the fault to the solid rock on the 
eastern | bank. It is also reinforced for tension due ‘to its 
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When fault in ‘this stre bed was discovered, it was that it 
would be necessary to carry the cut- off wall at the fault to a great depth. J 
There was considerable. doubt, howev the depth to which it would 
be necessary to construct the wall in the western por tion of the stream bed. | 
_ Excavation of E the cut- off trench was begun i in open cut and was carried by > 
‘this method to a a depth of from 26 to 33 ft. below the original rock surface, 
corresponding to depths: of from 66 to 72 ft. below the stream bed. ‘The 


greater part t of the trench required timbering. When the depths | mentioned 


had been re eached, - maintaining the open cut had become so difficult that 2 a 
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Fie. 6.— —Cur- Orr W AL PL. AN AND LONGITUDINAL SE CTION AT CHANNEL, 
change of. method was necessary, and it was decided to continue ‘the excave- 
tion through shafts. The trench was filled with concrete, in which ten shafts” ‘ 
which the excavation and d the placing of 
or ete were continued. _ The shafts are shown in . plan ‘and section by ; Fig. 6. ‘The 
4 per of the shafts were reinforced throughout the zone of inferior rock and 
well into the ‘solid rock ¢ on either s side. ‘Stop-water key-ways were constructed 
in the walls, and, w yhen excavation shall have been completed, the shafts will 


be ‘filled with concrete or puddle, as then may be considered desirable. mis? = 
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_ Numerous grout pipes “were inserted in the rung walls, where ‘the rock 


ft. apart, and not 10 ft. in each were ‘drilled 
from the bottoms of the shafts throughout that part of the length of ‘the wall, * 7 
where final depth has been reached. ‘It is planned t to drill numerous grout — 
holes adjacent to and eastward from the fault, along the line of the cut-off 
wall extended, where the rock, although hard, is more or r less | broken. PG 
we Provision was made for the | installation of twelve | pressure pipes for deter- 
mining ng the hy draulic | er: radient at various points” on the Up- “stream and down- 
faces of the cut- off off wall 
The length of wall constructed through shafts was, the beginning, 
& —_ 150 ft. = At a depth of about 66 ft. below the original rock surface, the 


= 


4 or 150 ft. below stream bed, at which depth the length is about 90 ‘ft. It is 


intended to > carry the w val at the fault, and | as far on either side as may be 


- found ni necessary to secure a key in suitable - rock, to a a depth of 300 ft. below — 
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BRIDGE 


gratified by the comments on paper, and takes this | oppor- 

tunity ‘to express his thanks for such comments. 

an stated by Mr. Abbett the method of deflections might have _— used _ 
advantageously in computing the stresses in the trusses. ‘ - Many years ago, “ae 
connection with an investigation ‘made in behalf of the Cc omptroller of the ie 
City of New York, the writer used ‘the method of deflections in computing 

4 the stresses in all the members of the Queensbo ro Bridge. This i is a. con- a 
tinuous structure statically indeterminate second degree is the 
Lake Champlain: Bridge). Later experience in n dealing with statically inde- 

4 terminate structures has convinced him that the method of least work is 


simpler to apply, largely because the signs of the various expressions take 


= 
care of themselves, r requiring the computer to give attention to the numerical 
-computati ns only. As a matter of both methods are identical when = 


As far as s graphical methods go the writer’s experience indicates that a ana- 
lytical methods are more satisfactory i ‘in cases where the computations may 
x divided among several staff members. One | of the chief advantages | of an 
~ analy tical method is the fact that the results 1 may be checked w with more ‘pre- 

_ cision: than by any graphical method known to the w riter, thus giving a greater 
feeling of security than would otherwise be the case. ‘At all events the com- — 
 etaitaaes form such a small factor as far as the expense of designing goes 
any theoretically correct method may be applied “without affecting 

materially the e: expense or time required for the design. 
: me... ith respect to laitance in the concrete piers, the concrete was properly | 
proportioned, thoroughly mixed, and carefully a and continuously placed in 


position by bottom dump 1-3 yd. buckets. As the pouring progressed the v upper 


- -Norp.—The paper by Charles M. Spofford, M. Am. Soc. C. E., was presented at the 

meeting of the Structural Division, Boston, Mass., October 10, 1929, and published in 
December, 1931, Proceedings. Discussion on’ this paper has appeared in Proceedings, as 

follows: ‘March, 1932, by Messrs. WwW. W. Troelsch, Jacob ‘Feld, 


Prof. of Civ. Mass. Inst. Tech., Cons. Engr. (ay, 
= 
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ON LAKE CHAMPLAIN BRIDGE | Discussions” 


_ surfaces of the piers were inspected by divers from time to time, who reported 
little or laitanee. At the conclusion of pouring the amount of 
that had to be ‘removed was a me matter er of only 2 o1 or 3 in. instead of the 2 ft. 
r ‘suggested as a possibility by Mr. Feld. W hether the strength of the concrete 
_ was reduced by the f formation of laitance during pouring was not investigated, 


: but tests of the -conerete a as it came from the mixer showed it to be of high 


doubt t existed « as as to its having adequate s strength. + Tompetion of the character 


ears. "Samples wer ere taken ‘diamond- -drill 
direction of Prodacie Fay, M. Am. Soe. E. This inspection showed 
the concrete to be of of excellent quality 1 throughout the depth of the pier, 
a In reply to the query by ‘Mr. Feld as to the reason for ‘not protecting the 
_ pier” concrete against abrasion and deterioration, it may be pointed out that 


_ the piers are in a fresh- ‘water lake w vith little current and are practically free 


from danger of abrasion from ice and floating objects. | The concrete piers: 
of the Queen City Bridge, across the Merrimac River and con- 
structed in 1922 at “Manchester, under supervision of the w writer’ 


firm), which a are located in fresh. “water and a short distance below a dam, 
have undergone no . deteriora ation, either from the action of the current or 
other causes, as far as the writer knows. Had the Lake Champlain 
Bridge piers been built i n tidal water, granite encasement between high and 
have cused in accordance with the writer’ s usual practice. 


As to the relative ¢ cost of piers constructed in open caissons as compared 
vith those built by the ‘pneumatic process, - the wr iter can only judge by the 


actual bids received, , which were mentioned in the paper. ‘. he specificat cations | 


stipulated that the design of the « caissons ‘should be left to the contractor 

Ww ho might 1 use timber, steel, or -conerete, and presumably s some of these ¢ con- 2 

tractors bid on. -caissons designed with either pre- -cast concrete or steel shells, 
ae 


* they found such a construction economical as suggested by Mr. ‘Feld. - 


bie n reply to Mr. Hudson’s comment on the longitudinal gradient, it a } 


be borne - in mind that the bridge is in a country where steep ] hills are fre- 


quent and where the 54% To gradient used in the bridge i is “moderate and sub- _ 


stantially less than that on some of the main highways in the v vicinity. No 


difficulties from the gradient | have yet been reported to the 

_ Ass stated i in the paper, the br idge was designed for the H- 15 loading given — 

n the Standard Specifications for Steel Highway Bridges’ of the U. Ss. 

of Agriculture, with the exception that 2 20- ton trucks were used 


instead of the 15- ton trucks specified in the loading. The engineers believe 
that, view of the probable infrequency and possible non-appearance of 
_ such 1 trucks on the bridge, it was entirely logical to apply a higher unit | 


loading for. the floor “system than had the trucks conforming to. the 
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CONSTRUCTION | PLANT NT AND METHODS FOR 


_ ERECTING STEEL BRIDGES 


A. A. . EREMIN, AND A. F. REICH 


~ 


7 Eres, Au. Soc. C.E E. (by letter). ith the 


in modern bridge design considerable attention is generally given to 


the oroblem of “erection. Often the equipment availabl and 
the erecting methods decide the selection of the type of 
An interesting type of semi- permanent bridge with a half- through truss” 


of “uniform depth v was ‘developed by M. for the French Anny, dur- 
the World | W ar, which . deserves ci 


engineers, 
Parallel cables are swung over some steel- framed tow which are 


eomposed of members that can easily be handled. 
from: the cables, and tracks are placed on of ‘the beams. “The trusses are 


“made i in n sections about 15 ft. long which : are rolled into position in the span 
bya means of a car. . After completing all connections the entire span is raised 
— with jacks to release the cables and is lowered on the bridge seats. _ This 


method of erection i is applicable to a half- through w vith any number er of 
spans. . From November, 1914, to May, 


The Ludwigshafen- ‘Mannheim | ‘Bridge over 


was designed to be erected in two steps: (1) Erect the as a three- 
_ through- “type structure with > the trusses of uniform depth and ¢ continuous 


YY 


over the intermediate piers; and (2) construct a steel arch over the three | 
spans, and reinforce the trusses, and suspend them to the arch. The result, 
 Norr.—The paper by A. Reichmann, M. Am. Soe. E., was presented at the 
meeting of the Construction Division, New York, N. Y., January 16, 1930, and published — 
in December, 1931, Proceedings. Discussion on this paper has appeared ‘in Proceedings, 
as follows: March, 1932, by Messrs. Howard P. _— Benjamin W. Guppy, R. A. 
Ness, and J. G. Tripp. 

= Received by the Secretary August 10, 1932. 
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ANN ON ERECTION METHODS FOR STEEL BRIDGES "Discussions 
after removing the intermediate piers, is a steel arch with 
trusses, which an exceedingly graceful structure. 


A. F. Reicumann,” M. Am. Soc. C (by letter) 
added some eases of erection to a paper which 
was limited toa generalization of major considerations in the determination 


the most Sensible ‘and economical equipme nt and methods of erection 
ee The writer wishes to express his appreciation to the alenaae for their | 


Agst. Chf. Engr., Am. ‘Bridge Co. + Chieago, 


Received by the Secretary August 27, 1932. 
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FULTON ‘STREET, EAST RIVER TUNNELS, 


Mites I. KILLMER, M. 


I. Kinumer,” M. Am. Soc. C. (by letter). —Mr. Feld comments 
on the omission of any ‘description of the methods of ‘running line. This 


phase of the work was done by the engineers of the Board of Transportation 
of the City of base-line measurement, 


be treated | in a ‘paper. The was 
with great accuracy by the Engineers of the Board, and the Manhattan —_ ahs 
Brooklyn survey lines. checked at the junction n of the shields within 4 to 4 : 

. ar The ‘discussion by Mr. Hatch requires some comment. The air pressure 
in a sand heading does not support the ground. The pressure used is such | 

4 as to balance the head of ground- water at the bottom of the tunnel and is 
not. influenced by the presence or absence of near-by building loads. The > 

_ actual pressure in the land headings was generally not more than 18 lb. 


48-lb. pr pressure was” required only in putting down the sumps below 


~ the tunnels at the lowest point under the river. The ground is supported by the. 
- cast-iron tunnel lining surr ounded d by its ‘envelope of “ejected pea | gravel and. 
- grout, by the exterior of the skin on the shield, and, at the face, by a 
boards held in place. by braces against the shield. When the shield is to be 
advanced, vertical timbers (“soldiers”) are “placed against the breast-boards. 
From these ‘ “soldiers,” horizontal stretchers extend back through the pockets 1 
of t the ‘shield to cross- -timbers (“walking sticks”) wedged into the last cast: 


 jron r ring ng erected. The braces that had originally supported the breast a against _ 
the shield axe then knocked out, and the shield can be advanced without dis- 
-turbing the support of the face. Under certain conditions, the ‘horizontal 


"an —The paper by Miles Ba Killmer, M. Am. Soc. C. E., was presented at the — 

- meeting of Construction Division, New York, B, Ys January 16, 1930, and published in 
_ December, 1931, Proceedings. — Discussion on this pa er has appeared in Proceedings, as 
follows: April, 1932, by Messrs. H. J. King, S. M. Swaab, and Jacob Feld; and August, ; 
= by Messrs. Ole Singstad, John F. O'Rourke, and H. H. Hatch. 2 ; 


Mason & Hanger Co., Inc., New York, N 
184 Received by the Secretary August 23, 1932. 
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1892, KILLMER ON FULTON STREET TUNNEL, NEW N. Y. 


Can | 
their rams until make contact ‘with the ‘soldiers. When the shield is 
advanced the hydraulic pressure behind the ra rams is released slowly, and the 
tables come back as the shield goes ahead. 


All the - foregoing applies 1 to a sand or heading If the face is 0 
-semi-plastic clay, a 1 condition a arises in 1 which» pressure of air in the 
tunnel may be utilized to the face, or at to supplement. other 


- The possibility of using s wand with the pea gravel to secure an enveloping — 
back-fill having a smaller percentage of voids, is mentioned by Mr. Hatch. 7 


This” idea was successfully put in practice in the construction of the traffic 
tunnel from Boston to East Boston, Mass., recently comp sleted. It was found 
that about one-third wut could be used with the | pea gravel; a larger per-— 
centage ca caused ‘stoppages in in the tank or or in n the hose. _ _ the Boston Tunnel, 
‘surrounding ground was a stiff clay that did not fall into the void left 


by the advancing tail of the shield. ‘Tt is is the writer’ s opinion that where 
the surrounding ground i is ‘sand or ¢ gravel and tends to fall almost immediately 7 


_ into the | annular space, pea gravel without sand will prove more effective as 


granular 1 nature makes ‘it fluid or mobile. . The air pressure used 
in ejecting the gravel was s the same as that used in grouting, that is about 


Mr. Hatch also suggests the use of neat- cement grout to secure greater — 


was s tried on on a subsequent job with the writer was” 


of 1 to 1 grout ‘was not fully s 
_neat-cement grout was resorted to for a distance of several hundred feet. The 
‘computed volume of the grout actually ejected, “proved to be about equal to 
_ the computed volume of the 1 to 1 grout previously ejected, per foot of tunnel. 
Ino this case, therefore, the extra expense was not warranted, | Of course, in| 
grouting: rock seamis, neat- cement grout w ould probably be ‘to the 
wit Although the question o of supporting buildings : along a street seems to. 
have been solved from an engineering point of 1 view, there still remains the 
problem of defending suits brought by owners who, in many instances, will 
seize ‘upon the occasion of the “presence of a ‘contractor to bring suit 
when the phy sical. damages are so slight as to require magnifying glasses 
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AMERICAN SOCIETY OF CIVIL ENGINEERS 


DISCUSSIONS. 


‘DETERMINATION OF PRINCIPAL STRESSES IN 


BUTTRESSES AN AND GRAVITY DAMS 
Discussion 


By MESSRS. H E. von BERGEN, AND Howarb L. Cook 


much credit for his industry in deriving formulas for determining 
_ the principal stresses in gravity and buttr ressed dams. . These formulas are 
_ rather tedious to dev elop. as well as to apply and, therefore, it is interesting 


to. note that, for a strictly triangular profile w ith water surface at the : apex, 
the author also show n a linear distr ibution of normal 


@ 


ar are distributed linearly. For ors case, ‘then, which 
“it is a simple matter, knowing the stresses at the up-stream and down- — 


Goo find | the asia and magnitude | of the principal stresses in the 
P interior of a dam section or buttress by ‘the application of Mohr’ Ss circle. es 


b For the usual buttressed dam \ with a considerable inclination of the —up- 
stream face, tension is found to exist at or near r that : face ¢ and is approximately 7 


parallel to it even if the vertical normal stress is of considerable magnitude — 


in compression. This tension and the s stress produced by the difference in. 
in the deck and in the supporting buttress, due to_ water- 
* 


setting variatic n ‘in ‘temperatures, ete., are probably the two ma ‘main causes for 


the typical ‘ frequently 


| a function of the slope of the face. "Consider a a 


prineipal stress at the at the up- -stream ws 


paper by W. _H. Holmes, Assoc. M, Am. Soc. C. E., was published in 
January, 1932, Proceedings. Discussion ‘on this paper has appeared in Proceedings, as 
follows: May, 1932 by Messrs. W. J. Stich, Hakan D. Birke, Dirk A. Dedel, Fred A. 
"Sacramento, Calif. 
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4 VON BERG GEN ON STRESSES BUTTRESSES AND GRAVITY DAMS Discussions 


a in which, Pu is th 1e vertical normal stress: at tl the up- “stream face; fo the first” 


stress at this’ points the slope of the ‘up- -stream face, « or 


a 

the aiesiod dimensions of the buttress an and the water ns 3, and be y placing a 

this value of pu in Equation (126) and setting its first derivation with respect 


n equal to zero, the following equation will result: 


h? 


— | 
= height of buttress and depth of water; = span of length 


of base of buttress; t = thickness o of base of buttress; sya = coefficient v which, 
when a by h Lt, ones the volume of the buttress; and z= = coefiicient, . 


gravity of 1 the buttress to ‘its base. 
For a 2 numerical example consider a a buttress in which the 
length of base equal 100 ft., the thickness is uniformly 3 
pe ie a= 4 , and the span of the buttresses i is 30 ft. (o For the wa 
at the crest “the e solution of Equation | (128) for this example will give a value 
of n equal to 0.5 ) which is the slope, as far as the water load and weight of 

. buttress are concerned, that will produce a minimum tension parallel to the © 

stream f face. For the case in which the buttress thickness decreases: 

zero | at the apex n is equal to 0.48. m (Fredrik Vogt, Assoc. M. Am. Soe. C. ‘Bi, 

- states® that the best slope is probably 65 to 70°; that is, n = 0. 37 to 0. 47.) 
These slopes will be altered slightly ‘upon inclusion of the deck weight or 
alteration of physical dimensions. the writer’ opinion foregoing 

“consideration points more directly toward the “ ‘design of buttresses eliminat- 

tension,” than the argument in the author's paper. | 

~ “on To determine tensile stress in the concrete caused by the water- aie 4 
of the deck and the shrinkage of the adjacent buttress due to dissipation of : 
setting heat is a matter of conjecture. (This consideration applies only to 
the case in which the deck is fixed to the up- -stream face of the buttress.) As” 
an example, assume a 40° drop in temperature in the buttress after setting, 


—— 


—= with the accompanying shrinkage and a swelling of the deck due to water- 
soaking of 0. 005% ‘and assuming a modulus of elasticity a at 2000000 and 
: one-half the deformation as compression in the arch, the tensile stress in the 


buttress parallel to the up-stream face i is 270) Ib. sq. a in, In summer, 
=) = the temperature of ‘the buttress - is considerably higher, the s stress will 


ae In “Economical Design ~ Buttresses for High Dams and Cellular Gravity Dams.” ti 
37 Rept., Bureau of Reclamation, Vol. 1, ‘Section 1, Compilation of Data on 
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‘That temperature | greatly affects the of a is 
obtained on variations in width cracks in the but- 


— 


in a “direction ‘to it, of 0. 058 | in., , while the r reservoir stage was 
fairly constant. _ In other instances the data showed no obvious variation in 
width of erack with the fluctuation of the w ater surface. There did seem, 
= to be some slight deformation parallel to the crack with this fluctua- 


tion. This is s probably due to the fact that a drop in ‘temperature produces _ 


‘contraction along” the three ‘major stress, induced loading 


, 


Either ‘there must be sufficient reinforcing steel to force the buttress to act 
as a or contraction joints must be provided similar to 


placing steel reinforcement in a a buttress. ‘Some buttressed 
= have been built Ww ith vertical and horizontal steel, some with inclined 
and horizontal steel, , and so1 some with no steel at all. After a few years of of of 


service, the buttress usually shows into which: class it falls. 


x... extbooks on the subject of reinforced conerete usually indicate that, in 
a homogeneous | beam, - ideal reinforcement follows the trajectories of 


second principal . This same reasoning might well ell hold in 

‘The percentage of steel necessary in this case, if the direction a the steel 


and tension coincide, may be computed simply. by dividing the computed 
tension by the allowable stress in steel, o rp =: =; or, if the steel lies in two 


different directions (see Fig. 27), the stress in the steel is: 


tate cos (8 — a) [cos (B — sin — a) co 
bia Tt will es seen that if B = 90° and a = 45°, the | steel is just one-ha lf 


effective > as when it coincides with the direction of the tension and 


These equations are based on the assumption that the concrete has. “cracked 
The percentages of the 


horizontal and inclined s steel a are by pn and pi, respectively. 


il An analogy may be made between web reinforcement in a concrete beam 


= reinforcement in a buttress; assume that the 


“a is 


27@ Proceedings, Am. Soc. C. E., May, 1932, p. 874. 
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1396 BERGE N ON ST RESSES IN BUTTRESSES AND G RAVITY 


total shear. * Actually, the vertical al stirrups are assumed to carry the vertical | 

~ component of the diagonal tension n which, numeric sally, i is of the same magni-— 


peat ni / the’ 


lane. (127) the 2 is omitted since ‘steel 


Tr 
carries ow the ten: sion; V=~vr'bjd; and . As _ v' bids 
terms ¢ of p, the ratio » of steel area to cone rete area is ;As= =p bs; and ‘substi-- 
the on “diagonal tension,” for v’ its numerical equival lent, 
Ber stirrups” , or bars bent at 45° te 


mitting the 2), 
terms of p, again, Az bssin 45°, and, 

wis It w ill be found that by papas cilia: (130), B= 90° and 

= = 45° (which ‘correspond to vertical that E quation 1) will 


3 == 45° and a= 45° (which 
orresponds to bars bent up at 45° that Equation 32) is. the result. 


will also be found in the latter ease that the inclined steel ci: carries the total 
tension, leaving no horizontal component to be | earried by the horizontal steel — 


and, Equations (129) and 30) are consistent for web reinforce- 


ment. yy the former case, involving vertical steel, it will be found that the. 


‘steel carries the horizontal component: of the diagonal tension 


_ produced by shear, but that it is is considered as bond stress in ‘reinforced 
concrete beams. . Thus, the » analogy i is complete. 
“ina Temperature steel either - may be separate. or, 
may be combined with other steel to resist stresses due to the combination of 
temperature and external loads. steel necessary to prevent large eracks 


that are likely to occur, due to shrinkage ‘of a member at both 


“Reinforced Concrete Handbook, by Hool and Johnson, 285. 
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As shear always resolves itself into tension and ¢ es ge it s 


“4 t is unnecessary and irrelevant. 
ARD L xe 100K,™ Tox. AM. Soc. C. E. (by letter)” —The formula, 
for the normal stress over a section of a bent and compressed beam 
(Equation is applicable when: : (1) The of the ‘sections 
are small in comparison » with tl the length of the hieiins (2) these dimensions ¢ are 
“small compared to the radius of curvature of the central line; (3) the cross- 
sections” considered are planes perpendicular to the line of ‘the eir ‘centroids 


doth before after bending ; and (4) Hooke’s law applies to the 


all 
material affected, and this material i is homogeneous and isotropic. 


Nel An masonry dam is a thick, short beam, formed so that Conditions (1), @), 
ged (8), are not met. - Condition (4) may be allowed for purposes of dis- or: 
cussing the action of such a beam. Obviously, the formula given does not 


— toa a horizontal, or or any y other, ‘section of such a structure.  pbapmette ail, 


_ Equation (1) gives a linear distribution of normal stress over a section © 
of the dam. | if it does not apply, _ the so-called law of the trapezoid does not 


hold por a dam. Mr. Holmes that this is is 80 in his s statement (under 


stress distribution of gravity dams sis not I Tinos, for 
a of thicknesses of 50 to 60 ft., ., the error is small. A Evidently, he thought the 


law held closely enough to enable | a , complete ‘internal stress analysis to be ey 
ased upon it. ‘The question is: Does it hold with sufficient exactness to 


upport an analysis of any scientific utility whatsoever? 


ee, There is only o one way , of getting at the a answer to o this question ; that is, oa 
| by experiments on model dams. The late W illiam ‘Gale, M. Am. 
in the paper upon which Mr. Holmes bases his work," refers to a number *q 7 
_ these experiments, all of which happen’ to have been made in England. - Pro- 
fessor Cain’s conclusion was that these investigations substantiated the view 


- that the stress distribution is oo“ linear for horisontel sections not too 


Ina “paper by Mr. B. F. Jakobsen,” the lineari ity of the stress distribution | 


at horizontal sections | is not admitted. Indeed the attempt is made to find 


I 
the | true ‘distribution. 7 Mr. J: akobsen also refers to the ‘experiments cited by 


Agst, Engr. with Robert BH. Horton, M. Am. Soc. C. E., Cons. Engr., 
Received by the Secretary August 29, 1932. 


Stresses in Masonry Dams,” Transactions, fee. Cc. E., Vol. LXIV (1909), 


18 in Gravity Dams by y Principle | of Least Work,” Am. So 
September, 1930, Papers and Discussions, p. 1613 . 
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ON STRE} SSES IN BU 'TTRE RE USSES AND GRAV DAMS Discussions 


Professor Cain, calling them the “E nglish” experiments. It is from these 


experiments | that Mr. Jakobsen : arrives at. the conclusion substantial 


: departures from linearity of stress distribution actually occurs, 
if if the hypothesis of linea 


rity of stress distribution i is substantially i in error 
nternal stress analysis 


_ A careful investigation of the internal strains ¢ and stresses in models of 
dams » was made in 1907 by Messrs. Karl Pearson and A. F. C. Pollard.* t 
demonstreted more clearly than any other, the alarming discrepancy between 


actual normal stress distributions and ‘the hypothetical linear distribution. 

aa, of this investigation | is the lack of 1 notice it receives from 
engineers. In 1904, Professor Pearson, with Mr. L. W. Atcherley™ made some 


elementary experiments on models of dams. ~ These experiments were, and 
‘still are, widely ‘discussed in engineering texte and papers: dealing. with the 
design of dams. The 1907 series of experiments under the supervision of 


Professor Pearson, while of ‘much greater value, are seldom mentioned. 
<= At the sugg gestion of the late Sir Benjamin Baker, Hon. M. Am. Soc. 
a CE ., Messrs. Pearson and Pollard adopted a jelly « as the material for their 


ade _ It consisted of gelatine, glycerine, and coloring matter, and was 


se into shape in moulds. The models adopted were about 18 in. through 


were of shapes similar Sarto i Dam, in Wales, , and the Assuan n Dam, 


‘ 
Two. kinds: of experimentation were pursued. first, series of models 


&§ base and 14 in. high. . The length ¢ of a section was about 4 in. . Them odels 


"were ruled with a grid of lines 2 cm. apart. Forces ‘were applied ‘the 


models and ‘full- sized photographs obtained under various conditions of load- 


ing. Angle « changes in the grid system were then measured ¢ on the - pho 

graphs by a ‘specially designed instrument ealled a direct microgoniometer. 
aia final experiment of the investigation was made with extreme car e 
A model of the Assuan Dam was ruled while just. floating in a bath of 


glycerine, thus eradicating : stresses due to ‘the weight of the dam. model 


was tested directly at various loads by an optical microgoniometer developed 


‘Normal water loads on the models w were e supplied wa means ns of an elastic 


be ag of liquid resting against the - up- “stream face. Exaggerated loadings were 


made by means of a board pressing on the up- stream face of the jelly model 


a) the hypothesis of linear distribution of stress were true, the shear- 


would be distributed parabolically. he experimenters simply 
to eo 


th 
co mpare 


re 
parabolic dist stribu ution o determine the e applicability of the linear 


siliw 


Study of the Stresses in Masonry Dams,” 
Research Memoirs, Tech. Series V, Cambridge Univ. Press. 

Some Disregarded Points in the Stability of ‘Masonry "by Ww. 
_ Atcherley, Assisted by Karl Pearson, — i Memoirs, ‘Tech. 
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 paper™ of ‘Messrs. Pearson and Pollard. aa 


As a result of their work the experimenters ai at conclusions 


(1) There is no approach to a parabolic distribution of shear, 
3 of up two- thirds, and probably up the entire height, of masonry dams. ‘Linearity i 
Tt of distribution | of vertical stresses 0 on horizontal planes is ~~ wholly ur unjusti- 7 

100 Fe (2) The present theory of the stability of masonry dams is erroneous. cd . 
rom line of 1 resistance > being within the middle third does not prevent the material og 
— from being in tension. The customary theoretical analysis adds an appear- Gg 
and F ance of safety not warranted by experiment, for the stresses obtained thereby __ 

the are probably not within 100% of t those in the actual dem  * © 

of ‘Tension exists it in “masonry dams of the types 

— but : is not necessarily a source of danger. ger. Its seems desirable to admit that > 

Soe. mason can does undergo tension and set some limit not. to 
heir -exceede ed b by t these stresses in any dam. 

was 

(4) It is possible by experimenting upon a model 

ugh | stresses within 10% of those in a a theoretical dam and within 30 to 40% of 
dels those in the actual structure. ‘Molla investigations should be made the basis ey a 
dels Having determined the approximate ‘shape of the shear curves ¢ asemi- 
determination of the s stress in the body of masonry dams was 
attempted. The undulating character a the curve of shear stress “required 
that, at the very least, a quartic distribution of shear be assumed. ‘This 
er. would make the stress- s-distribution curve a a cubical one. After con- 
siderable labor on the solution of the complicated equations involved, 
of still remained v w without a s a satisfactory answer. It was found, 
that the quartic shear curve would: (1) Satisfy the internal equations 
loped -dlasticity; (2). satisfy the stress conditions at ‘the up-stream face; and (3) 
iy nt _ bring into equilibrium the resultant t force and stresses on n horizontal sections 7 
te top, mid- height, and base of dam. method does not account for the 
true distribution of stresses over the down-stream face, however. 
Compare the merits of the foregoing solution with that of the paper under 
discussion. The solution given by Mr. Holmes may be made under certain 
| conditions: (a) To satisfy the surface stress conditions the up- -stream 
amply face; and to satisfy the equilibrium of stress and ‘resultant: force” on 
th a the base section only. The stress distribution on any section 
by y this solution will be totally unlike that found by experiment. In compari- 
| son with the old middle-third theory, however, the analysis outlined by Mr. 
mpany “Holmes is an n advance. The middle-third hypothesis fails to > satisfy stress 
conditions at the up-stream ‘or the. down-stream face, or at the top of the 


dam, It also gives linear distributions of normal stress on 1 horizontal : sections, 


ons October, 1932 COOK ON STRESSES IN BUTTRESSES AND GRAVITY 
ese As the_shearing stress is proportional to the slide or change of angle in the | - 
tial — grid system at any point, measurement of this angle change was all that was a a 
ror 
ysis 


= 


oN STRESSES IN) BUT TTRESSES AND GR: AVITY D Discussions. 


+. Holmes? ’ analysis is preferable to ‘the use | of the old rule of 


‘third, it seems far- fetched to extend it to the point of predicting 


completely the stresses throughout | a dam. Such an elementary. treatment 
should never pretend to the dignity ofa complete analysis. s. In In view of 1 
: departures from a linear distribution of stress shown by experiment, = 2 is 


an analysis is even useful. It would dangerous 
to locate joints, as ‘suggested, along the stress paths | calculated by! the no 
Messrs. and in 1907, "recommended the exper experimental 
dam. To-day, the ‘Engineering 
Profession i is entering era of mode nvestigation. 
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‘STRESSES: IN OF MULTE 


FRED A. NOETZLI, AND W. J. STICH 


— 


Victor H. -Cocurane,’ M. Ax. Soo. C. E. (by letter). authors are 
to be commended for their clear and complete solution of the e problem of 


inclined arches for dar dams. = _ The writer appreciates the great amount of labor 


= involved i in . the preparation | of this paper, as he has had occasion ‘to ‘develop | 


similar data for u use in connection with the design of a large multiple- -arch a 
= dam having a central angle of 160° and a buttress spacing of 70 ft. In this" 
work he he had 1 the assistance of Donald Witten, M. Am. Soe. 0. 


‘The wr Ww riter’ formulas were derived for precisely the same conditions 
those ose used by the a uthors, except that nothing was done in regard to the 
“hinged arch, ‘which seems to have little or no application in multiple-arch 


dams. Tn the development of formulas for the inclined arch the chief diffi- 


culty lies in the derivation of expressions for the horizontal thrust at the 


small, and, ordinarily, they don not, t need to be computed. The writer’ 
formulas - for the horizontal thrust w ‘were e derived by a a method that differs _ 


—— from that used by the snail and the two sets } of formulas appear 
at first glance to be very different. ever, a comparison charts by 
‘methods seems to. show ‘that they give the same results. Fo or the uniform 
water load it is found that the expression derived by the late William Cain, 
Am. Soe. ©. E. CAN be reduced to that derived by the writer. 
first, it was intended to prepare | a set of curves similar to those pre- 


‘sented the authors, but this plan was not fully carried out. It was s found 


—— 


ar ore.—The paper by George E. Goodall and Ivan M. om Associate Members, Am, 
_— Cc. E., was published in March, 1932, Proceedings. This discussion is printed in 
Proceedings in order that the views expressed may be before” all members foi for 
*Cons. Engr., Tulsa, Okla. 
Received by the Secretary 31, 1932. 
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all the terms in ‘the v various are of the mean 


radius or ‘the thickness of the. rib, being functions of the central ‘angle e alone. 
‘Tf the | central angle is kept constant, or nearly so, the values of these - terms 
- good for any section of the arch. Those terms involving the radius or 


thickness are few, as be ‘shown. Tables ¢ can cover a wider range 
than curves. The former are the more accurate. They : are more easily 
pared and are more convenient to use. compact table such as Table 2, 


when used in connection with ‘the formulas of Table 3, is sseaiead the 


: equivalent of the authors’ numerous curves, 

no curves at hand and the central angle has an odd not 
Se the > table, it it is” quite easy to compute the required constants 


es the aid of a calculating 1 machine, ‘provided the formulas are simplified 


— the work is systematically, arranged. Tn the example ¢ given herein the eal 


ag 
ws 


ae wt ual daa 


culations are set forth in ‘full, and it will fa seen that the work involved is 
far from formidable. The computation of the required values takes but little 


more time than is needed for reading the curves, 
Four conditions and corresponding constants are expressed as f 


= 
— l I 
— 
60. 
43 


| 
0.04782 | 0.89922 0.18298 0.04025 | 0.00378 | 0.15399 
-| 3.68164 | 0.06941 | 1.04551 | 0.26419 | 0.05650 | 0.00645 | 0.17516 
4.13609 | 0.09760 | 1.18186 | 0.36929 0.01055 | 0.19628 


‘| 4.60891 | 0.13346 | 1.30061 | 0.50180 | 0. 0.01660 | 0.21701 
— 5.09600 | 0.17807 | 1.39408 | 0.66498 | 0. 02524 | 0.23699 


.17301 | 0.40690 | 0. 0.43301 | 0. 0.34242 | 0.32699 
20111 | 0.45079 | 0.28869 | 0.45315 | 0. -42687 | 0.37627 
-23085 | 0.49007 | 0.32899 | 0.46985 | 0. 52183 | 0.42713, 
-26209 | 0.52321 | 0.37059 | 0.48296 62714 | 0.47909 
29468 | 0.54870 | 0.41318 | 0.49240 0.13883 | 0.74235 


necessary formulas for thrusts, and shears are arrang 


for: convenience in n Table for the four load conditions. The constants for 
ay 


sin eee 


sin 


pe 


: 
B sin in? B — — ee 


om 


0 
, 
oF Load 4.—Temperature Change: | | 
9 In Equation (75d), At is positive for a rise in temperature. Equations —__ 
the - (75) are the same as the load constants given by the authors, except that re | _ 4 : 
not 
nts 
ied 
0.01298 
0.01729 
0.02254 
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> 


The m, depends upon the ratio, — E , and the shear distribution; 


value, 2.88, may be used. If m = 2.88, the terms, A, C, and D, in ‘in Equations 
A = 3.88 —0.94 sin 2g 


q C= = 047 47 (sin 2p p—2 B cos 2 
Ds 2.44 8 — 0.455 sin 2 + —2: 


Th practice, the writer arranges Fig. 12, E quations: (75) and (76), 


Table 2 ona single sheet for ready reference. ing computed the « constants, 


A, B,C, D, F, J, Q, and S for r the central ‘angle chosen, the formulas for 


Ao and Mo» become very” ‘Tt will be noted that | all the for 


TABLE .—F ORMULAS FOR Trusts, NTS, AND Suears 


45 


+ Hor (1 — cos 


— 2? 
| = sin? -; 
My + Hor (1 — 


K 
: | 


&= =F (sin 6 — —Hysin 


4 — Hy sind 


Heit in Table 3 3 have the same denominator, A—uB, in which, u=12[{ — 
0.30; and 33 ; from ‘Table 2 2: 


— 


Dead. 
“Hy = = 0.655 K, .. 
=- ata. ~ 


a 


Uniform w rater load, 


Vv ariable water load, 
4 = 0.1212 K;..... 


F all in 


= — 0.086 


> 
4 
t] 
may 
4 ter! 
les 
i 
Ki¢sind+ Hycosé My+ Hor (1 — cos) 
n 
= 
—— — Cos®¢ | 
f 
| 
— 
= 
q 

Hy = — kit —— 78d) 


t 
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These values all agree with those shown in the authors’ “diagrams 


of the coefficients for Te, Mp, and Sp, are given in Table 2, which illustrates 
a part of a list of values of functions for half- central angles at 5° intervals. 


1 he table used i in practice extends from B = 35° to B=" 90°, » and other values - 


may be found by inter polation if for any the central angle chosen is 
not included. will noted in Table 3 that, with the exception of the 
4 “los ad constants,’ ’ the only ; terms that vary with the ; mean radius or thickness — 


the rib are y and In the expre ssion for horizontal thrust due to the 


uniform w water load, the terms, in the and, A —2 sin in. 
nu numerator, ‘represent the effect of shear arch- shortening. 4 these 


terms are dropped, = K., , which | is the s so- ralled ‘cylinder formula. 
= r and direct stress are taken into account the coefficient of K, must be 


less than unity. The expression, Ho- K., , is the force applied | at the e elastic 


center in combination with the cylinder thrust, | = . In the expressions for 
for variable water load and dead load, the first terms: of the numer rator 


and de ‘nominator represent the effect of she: ar po direct stress, and the last 
terms show the influence of bending moments. When numerical substitutions | 


are mi ade, the relative influence of shear and direct stress, as compared with 


bending moments, is readily se een. The effect a ‘the curvature of the arch 


was inv estigated : and found to be negligible for values of — Up to to 0. 30, or 


In to the use of these formulas, ¢ calculations are given for 
the authors’ example, in which h B = 5" = 12 25227 radians. _ The 


nometrie values required are, as follows: g= = - 0.94970; cos B = 0.313 16; 
n =0 59482 ; cos 2 0.80: sin f= 0.58602 COS - — = 0.81030; 


sin? B= - 0.9 90108; sint 2 0.34342 ; sin 18928 ; B = 0 0.39216; 


0. 55754; an 


The functions of B are quations (76)): av 


A =o. 88 > ae 2523 — | 0.94 x 0. 59482 pov $300; 
1.2523 + 0.29741 — 1.44046 = 0.1093; A 
O= 047 (0. 59482 + 2 01880) =1.9958; 
1.2523 — 0.455 x 0.59482 — 0.47 x 1 00665 — 1.89940 = 0.41244; : 
= 2.88092 — 1. 12946 — 1.75 X 0.59482 — 0.62613 = = 0.08439 ; 
aa — 0.93920 + 1.125 Xx 0.59482 + 0.56473 — 2.16069 = 0.01241; 
A. 316 0.20360; and, one 
658 — 1 13757 =001901. 


a 
c) 
nd 
ts, 
— 
= 
an 
| 
| 
sin B cos B = 0.29741  ~ 
(0.445902, = 
a 
a 
a | 


r = 98. 79; t= = 2.5 585] (depth over 55. 32; x 


= (1200; and, y = = - 0.24162 r= = 6.231; , = 150 x 2. 58 x 25.79 x 0.6820 


= 6 807; K, = 62.5 X 55.32 X 27.08 = 93 630; Ky = 42.6 x 27.08 = 81 240; 


call The terms required for the four vz values. of are: A — uB 


= 4.30 — 1200 0.1093 = 135.46; uF = 1.226 — X 0.08439 
= 102.50; and, D — uJ = ba — 1200 x 0.01241 = 


~The values of thrusts, moments, and shears (with the 


Se K, = — 576 000 000 x 20 x 0. 0000055 = — 63 360. Then: K,r = 175 550; 


= 0.757 X 6807 = 5150 (5040); and Hor = 132 800 
Mo= = 175 550 x 0.2036 — 5150 x 6.231 = 3650(—3560) 
= 6807 x 1.1893 — 5150 x 0.3132 = 9710 (9 475) 
= 6807 x 0.3922 — 5150 x 0.9497 = —29290(—2183) 
———-- Mp = 8650 + 132 800 x 0.6868 — 175 550 x 0.5024 = 6 660 (—¢ 605) 


= 0. 986 x 93630 = 92320 (92300); and Hor = 2380900 
Mo = = (93 630 — 92 320) 6. 231 = 8160 (— 8 185) 
Ts = 93630 x 0.6868 — 92320 x 0.3182 = 93220 (93200) 
= 93630 x 0.9496 — 92 320 0.9497 = 1 240 (1270) 
= 8160 + 2380900 x 0. 6868 2414700 x 0.6868 
8. —Variable Water Load: 
Mo = 805 700 x 0.01901 — 3 530 x 6. 981 = =(—6 115) 
31240 x 0.0922 — - 8 580 0.3182 = =3 990 (3 990) ve 
= 15620 x 0.5575 — 3530 x 0.9497 = 5360 (5355) 
hs — 6680 + 91 040 x 0.6868 — 805700 x 0. 0922 Reet & 
1840) 
Load 4.—Drop in Temperature: 
K,t = — 63 360 x 2.58 = —163 
Ao = 0.01401 x — 163 470 = — 2 290 (—2 420) : 
Mo = — 2290 x 6.231 = 270 (— 15120) 
Ts =— 2290 X 0.3182 =—717(—757) 
= +2290 x +2175 (+2 300) 
— 89000 x = — 27 860) 


the water surface. Unfavorable conditions may occur throughout the range 


of the draw-<¢ down, although elements some distance below the top of the dam 
der rive ‘support from adjacent. elements above the water surface. At low — 
the arch in the vicinity of the water surface may actually be more ew 


stressed | than it w would be with the reservoir 


- 0.1129 x 31240 = 8 430 (3 535); and Hor = 91 040 
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a 

_ Thickening of Arch at Haunches. —In the a authors’ | example the tempera 
ture drop | is 20 degrees. No mention is made of shrinkage, which acts like 
a fall in temperature. - While the effect of shrinkage may be reduced by plastic 


‘deformation, it may bes nevertheless 1 much greater 1 than that of one tempera- 


the we of up-stream face and a difference in ‘temperature 


between the two faces. All these ¢ conditions may | be provided for by making 
a liberal allowance for temperature drop. a: In some recent bridge ze designs the 
equivalent temperature drop has been as much as 120 degrees. . In order ‘to 


determine the proper amount and location of the reinforcement, it is neces- a 
sary to make an adequate allowance for temperature chan ges § and nd shrinkage, 


with perhaps higher working stresses than are customary. 


io _ Owing to. the large bending moments set, up by changes in the length of | 


‘a ie arch, the stresses will always be greatest at the crown and | springing ‘sec- 


tions, and least at the plane of the elastic center, which is at the depth, yy, 


5 below the crown. | The: stress at the abutment section is much greater than 
that a the crown. _ For instance, consider authors’ example, and the 


same case with the temperature drop increased to 80° to include the effect a 


TABLE 4. -CoMPARISON OF STRESSES AT Crown a ABUTMENT ‘SECTIONS 


Thrust, Moment,  Maxi- Mini- Thrust, Moment, 
in pounds} in foot- | mum mum | in pounds | 


+19 400 | — 387*|— 144* |+106 200 | —53 120 | — 618*| + 
+62 210 + +104 040 |—131 990 |—1 106*; + 


* Minus = compression. Plus = tension. 


of shrinkage. For the purpose of making a comparison of the stresses 


ud 


at the crown n and abutment ‘sections, it is assumed in in Table 4 that the arch is 7 
resisting “tensile stresses. For reinforced ‘sections, making ‘the 

usual assumption that the concrete carries no tension, the inequality of stresses = 
= will be even greater. | For the 1e 80° drop the arch would have to be reinforced, 


and the maximum springing stress would be about double the maximum 


These lead inevitably to the that fixed are 

_ barrel of uniform thickness. from crown to springing is inefficient, and should 
not be used. For a given | working stress the crown s 
= than the abutment section. In other words, the arch should be thicker 

at the abutment ‘than a at the « center. vs ee thickening should begin about as 


perhaps b best be obtained by making the intrados three- centered, as shown in 


Fig. 2. The point of a curve is at an angular seinen 


ns 
20 

39 

a 

| — 

| 
+ 3 530 | — 6 680 | + 3 990 | —18 440 
Total, 20°....| +98 710 
Total, 80°... +91 840 
“fi 

1 
q 

ie 


iB B: AU OM. AN ON STRESSES IN MULTIPLE- ARC H DAMS 


springing. _ The radius the end section is chosen. so as to make increase 
in thickness, ¢ ri, any desir ed amount. In order to simplify the form work, 
it is desirable to keep the intrados constant throughout the arch barrel. 
- this i is done, c r; must also be constant. t. T his gives a greater relative thicken- — 
‘ ing for the thin arc arches : near the top, which, fortunately, is is what is needed. 7 
It will be noted that the arch axis shifts at the abutment a distance equ: 


ance equal to 
b one-half lf the thickening. The bending moment with reference to the new axis — 


— In the case previously considered, assume that. the springing section is | 


pees so that c = = 0. 03, and that the fase eapeigprece drop is 80 degrees. Then, 7 


cri = 0.03 x 24.5 = = 0.7 73 and, 2.58 + 0.73 = 3.51 ft. Inasmuch as 


the: arch is ‘stiffer, the : moments W anes ill be incre ased, but part of the i increase will — 


4 be offset by the shift of the axis. If the thrusts and moments for this case 


_— assumed to be the s same as for the unthickened arch, the approximate 


The direct stress 


s+ —— 
3.31 | 
combined ‘stress, is pounds per square inch, is or 284; and, 


computed for 1 the unthickened | arch, it is — 1 106 or or. oe 546. The compara- 
tively small thickening reduces. springing _stres sses materially, and 


a 
for the thickened arch ¢ are found to be as s follows: stress 


= = + 31 430; the is, 181 990 72 280; 


1 the 
reement will no d doubt be lessened. 


‘The w writer has: investigated the effect of the proposed thickening on nthe 


thrusts and moments as computed for arches of uniform thickness. ~The 
method was to caleul: ate the in crown due to the 


‘thickness, and ¢ C, “using ‘summations at 5° 
intervals, These values were plotted into curves for in design. 


4 
Tf the abutment section is thickened so as to make the crown and ‘spring- 


ing stresses approximately equal, the effect, of the change on the stresses is 
not great, and may well be neglected. For example, if the arch previously. 
considered is thickened in this manner , the maximum crown _and springing» 


stresses are, respectively, about 5e % and 10% ® greater than those previously 


Bavuat AN, M. Am. Soc. C. E (by letter the “{ntroduetion,” 


state that the | method ‘developed by Dr. N. Kelen™ 

“provides curv es ; from which the er ‘own thrust, may be obtained | directly, | but 

does not ‘include curves or ‘coefficients from which the e abutment ‘thrust, abut- 


shear, and bending moments may be directly obtained.” 


They state 


also that Dr. Kelen’s formulas omit the effect of the internal elastic work 


due to shear. statements are misleading because Dr. Kelen actually 


 Chf. Designer, Quinton, Code af Leeds & Barnard, Engrs., Consolidated, Los” 
Angeles, Cait. 


In “Die Staumauern,” 1926, p. 
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_ shows curves for the determination of the | governing stresses; that is, at the 
}sbutment, both due to water load and such “short- 


The introduction of influence of sh ‘shear is a refinement, but is more 
of ‘academic than of practical » value as far as is circular, inclined arches of con- 
stant thickness: are concerned. The allowable span of such arches 1 is smal] — 


as compared to the allowable span of pressure-li -line arches; that is, arches in 


which the center line coincides with the line of support in the statically: 


the extreme fiber stre sses at abutment due to water 


’ 


in which, equals one- half the span. 


Thus, for the at the extrados, 
hhus, for the stress at the extrados, ot 


and for the st ress at the intrados, 


rom Dr. Kelen’s di: vhich hold for the metric system only, 


30 and i= + 17.20; and from the authors’ numer ical e xample: 


= 42. .6 Ib. per. cu. ft. = 0.632 metric ton per cu. m.; and, 1=rsin 71 45 


25.79 0.9497 = 24. 50 ft. = = 


=- -17 1.20 0.632 x 7.47 = 87.60 metric tons m. 
A + 9.05 per sq. ft. ‘ 
o Table 1 for * Elevation n 140 and solving E auations (80): = = 


542 per eq. 


fy =e + Tb. per r sq. ft. = + 9.089 tons per sq. sq. ft. 
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in which, + 3. 85; and fe’s » 
‘) From the authors’ ‘example, we= = 102. 50 Ib. per ‘cu. ft. = 1.637 metric tons” 
cu. ft. Introducing these values in Equations 
toe = + 3.85 1.637 TAT = 47. 08 metric tons per sq. 


and, 


| 
0.90 1.637 x 7. = 00 metric tos per ‘ft. 


258) ae =+ 9618 lb. per sq. ft. = =+ 4,809 tons per sq. ft. 
2 272 |b. sq. ft. = = — 1.136 tons per sq. ft. 
aul The healing shows that for practical purposes the two results are equiva- 


— lent; that is, the work ¢ of deformation of shear in arches of short spans and 
large central angles, such | as with ordinary multiple-arch dams, is small. 


an economic standpoint, the circular arch of constant thickness is 
not desirable for an inclined arch barrel, because the crown thickness is 3 gov- 
erned by the abutment thickness and thereby becomes over-dimensioned. 
In all homogeneous structures it is desirable to keep the governing stresses 
The ideal condition naturally would be to have uniform stresses 
throughout such a ‘structure, as suggested by Herman Schorer, Assoc. ; 


Am. Soe. for buttresses." With arches, however, it is quite a different 


matter as, according to an saying, “ it [the arch] never sleeps.” 
Arches, and particularly conerete arches under constant live load, are sub- 
- ject to continuous change in shape due * a change o of temperature and | 
humidity of the surrounding ¢ air. 
_ Uniform strength, therefore, could only be temporarily reached i in the case 
a structure being designed as a pressure- -line arch of uniform strength | 
subject to compensating elastic thrusts due to live load, dead load, and 
change i in temperature and moisture, ‘respectively. of this: compensating 
feature has been made with long: span bridge arches in closing them at such é 
a temperature that least stresses will result for a mean yearly temperature. » 
The difference in the stress distribution and the volume of an inclined 
— -line arch and ; a circular one may best be illustrated by an example. 
For a multiple-arch dam in Southern California, with a buttress spacing of | 
a 60 ft., a maximum height of 180 ft., more or less, and an inclination of the | 


1980, eo Dam of Strength, Proceedings, Am. Soc. C. E., November, 
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arch generator 45° , the ar ches were designed a: as pressure- arches (three- 
centered) and the elastic thrust, due to live load, dead load, and a 


He = Hes + Hor =< 
in ioe for a 1-ft. arch slice, with the crown 169 ft. below the water surface: 


Ag = elastic weight of element = 


I= moment of inertia; 
a As= = length of arch element = 3.355; re 7 
= ordinates of center line of arch x- axis through the 
= coefficient of thermal expansion = = @ 000005; - 
= change in temperature = iad ° Fahr.; | 
= one-half span = 26.50 ft.;_ 3 
E= = modulus of elasticity = 3.50. x 10° Ib. per sq. in; 


-one- angle = = 66° 380’. sty 


The solution of Equation (82) is most conveniently arranged in tabular 


and the detailed steps are not pr presented herein. For the stated condi-- 
tions, He is found equal to — — 29 920 Tb. The corresponding stresses at ie B. 
crown are: fc = de 418 lb. per sq. in, and fo= = ae 167. 40 and — 238.6 60; and 
the combined stresses are, 585. 40 and + 179.40. Likewise, at the 
abutment (springing line), feat 393 Ib. per sq. in.; and lfe= +! 321.0 por’ 
= — 347. 0; and the combined stresses are, fa= = + 46. 0 and id + ‘714. 0 Ib. per 
This three-centered arch may be approximated by a circular side of the 


33 5 Te = & ft. ; 


‘The head at. the crown of the arch ft. and: 


56 


565 5 Ib 1 2 


— Q cos = 1.065; Qo 


= = 0.0293; w’ = 62.50 0.707 = 44.20 Ib. p tes 


420; and nd =1 000. Hence, Z = 0.09; = 0.102; = 0.00515; 
18 650; 

= 18 650; 


ve 


4444 
ig 
la) 
| 
4 
va- 
— 
— 
is. 
4 
7 
ses — 
i 
M. | 
8.” 
Pe = 169 x 62.50 
| 
° 4 — Qo = 1.018; (1+ — | 
and 


MULTIPLE -ARCLL DAMS 
Stresses at the. erown found be as follows: ok 


Po = 1.018 X 810 500 - = + 316: 300 Ib.; 


i 


0. 09 x 464 46 420 = 
20 = - 


0.00 00515 365 000 = +1 ( 7 030 ‘ft Ib. 
or D Dead 


= 36 xX 18 650 = 413725 
My = — 0.0274 x 200 = — 15025 ft- tb. 
For Change in Temper rature = ‘5 


Hs =—0 000005 x 5 x 2.50 x 10° x 144 x 5.98 x 0.075 = — 4040 Tb. 
candy 


= £080 x 29.40 » 93 =— 22930 ft-lb. 


316 300 + 4175 + 13 725 — 4040 = + 330 160 
and, 


160 6x 165175 (+.576.0 Ib. per sq. in. (extrados) 


+ 191.0 lb. er Sq. in. intrados 


he stresses at the are found to be, as follows: 


b 
‘or V ariable W ater Load: 
= + 0,102 x 4 46 420° 


= 


+4737 Ib 


+ 0.0165 « 1365 000 = 4 oO 
“For: Lod: 
~*~. 34 18 650 = 25 000 Ib. 


= — 0.012 x 548 200 = ft-1 Ib. 
= — 4040 x x 0.4226 = 710 
= +03 0. 385 x 300 7300 = + 45 200 fell 
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328 855 + + 34 Ib. per sq. in. (extre ados) 


_ 358727 


X 1445. 98? x 144. + 800 Ib. per sq, in. (intrados) 


Thus, with the circular arch, the maximum crown stress" is 2% smaller 
. ‘dane maximum crown stress of the pressure- -line arch of equal — 
the maximum governing» abutment stress of the -eircular arch is 12% 

greater than the corresponding stress of the pressure-line arch. This shows 


that geometrical shapes 0 of structures which lend themselves beautifully to 


5000 — 1 1710 = + 358 


mathematical analysis are not necessarily economical. 


i. For an inclination of the arch generator of between 45° and 50° and a 


“4 ‘central angle between 1 30° ° and 145°, which holds true for ordinary multiple- 


| ef arch dams, the economic limit of buttress s spacing for circular : arches i is 40 ft., ” 
_—— or less, and about 400 ft. for the pressure-line arch, ss 

ars R. JorGEnsen,® Am. Soc. C. E. (by °**—Perhaps the mos 


complete. analysis of the stresses in inc ‘lined arches of multiple-arch dams, 


to be found in the E nglish language, is that presented in this paper. | Taken 

| Z together with recent papers on the investigation of stresses in Scatioenes an nd 


their distribution (Holmes, Schorer, Jakobsen,” and Noetzli”), the stress 


analysis of the: complete multiple- arch dam is now in a satisfactory, y stage of 

the Teast valuable contribution the authors is the large amount of 


work put into the graphical ‘representation, of. necessary coefficients. . All the 
- final formulas for moments, thrust, and shear would be very lengthy except — 


the coefficient, which once all has be been calculated by the authors 
and the results put into the form of curves for all conditions most. likely to 
occur in ordinary design and construction work, The curves are drawn 


a to such scales that values of z can be read from t them with great enough 


“use cases. For | even greater | accuracy, photostat copies. 


z, slide-rule can Ww if z not be taken from 
curves, but had to ‘be computed every time, a calculating machine v would be 
absolutely necessary and the total time > consumed in . caleulating the stresses, 
in an arch of a -multiple- -arch dam would be days: instead of 


Cons. Hydro-Elec. Engr. Berkeley Calif. 
oft: 18a Received by the Secretary April 15 
“Determination of Principal Stresses in and G ravity Dams,” by W. H. 

Holmes, Assoc. M. Am. Soc. C. E., Proceedings, Am. Soc. C. E., January, 1932, p. 71. — 
“The Buttressed Dam of Uniform Strength,” by Herman Schorer, Assoc. M. Am. 

Soe, Cc. E., Loc. cit., November, 1930, Papers and Discussions, p. 1947. 

“Stresses in Gravity Dams by Principle of Work, by B. F. Jakobsen, Loc. cit., 

“Improved Type of Multiple-Arch Dam,” by ‘Fred A. Noetzli, Am. Soe. 
Transactions, Am. Soc. ‘E., Vol. LXXXVII (1924), p. 
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OETZLI MU "ARCH DAMS 


of it would be helpful if indicated in closur 


The authors" recommend steel: in in both faces. It is 


dent that ‘steel is aces at the abutments; but it is not 


with reservoir empty could be assumed com- 
-pensated for by the shrinkage and permanent rib- shortening as far as tensile 


‘stresses in the up-stream face at the crown are concerned. _ ven whit 
_ The writer has noticed at times, that wave action on a multiple- -arch dam 
j has the effect of creating a temporary higher water level a at the abutments 

than at crown, say, a maximum of 5 ft. ‘The wave will | climb the V 


"perhaps at vat the time th the valley ‘reaches the This would no 


the crest, the phenomenon may call for ‘steel in | the ‘up- -stream face near the 


A | 


thanks are due the authors for their work. 


_ Frep A. Am. Soc. E. (by letter). —Considerable pains- 
“taking labor was needa in priate the formulas, computing the coeffi- 
cients, and platting the numerous diagrams given in this paper. The diagrams — 

= be helpful in in the design of -multiple- arch dams. As mentioned by the 
~ authors, ¢ curves” serving a similar | purpose have been previously published by 
Dr. N. Kelen,” who did not, however, consider it necessary to include the effect _ 
of the internal elastic work due to shear. tr. Diagrams by means of which the a 

stresses from uniform water pressure can be obtained directly from the 
“eylinder’ ” stresses, have also” published.” The corresponding chrasts 


and moments can be readily computed, if desired, ie eieemanliia’ 


in which, and fot are ies in ‘pounds } per square foot, at the up- 

stream and at the down- “stream faces, respectively, 
Ina num er of the earliest multiple- arch dams the central angle of the 

is 120 degrees. application of the elastic theory to such arches 
- - indicated that a larger « center a angle is desirable to keep the ar arch stresses within _ 
"permissible limits. In the authors’ example, the central angle of the arches’ 

‘is about 145 degrees. For long arch spans and large ‘central angles the | 


a - influence of the dead load and of the variable water-load becomes increasingly 


The material is well presented. close of the paper, it is stated 
. that the unit stresses in the concrete and steel are not considered in the — a = 
ore 
a 
4 
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| 
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“October, 1982 sticH ON STRESSES IN “MULTIP LE- 


The paper gives a complete and theoretically ¢ exact ta of designing 
the arches of multiple-arch dams. Further improvements in the art are to be 


looked for rather from | the point of view of construction than from that _ 


of design, 


J. Sricu,” Assoc. M. AM. Soc. OC. E. letter). This paper 
presents data by v which | an exact ‘solution of the stresses: in the 
inclined thick cireular arches of ‘multiple- -arch ‘dams becomes 


the preparation | of a paper of 

this nature can perhaps only be fully realized by. the authors themselves, and 

~ much « commendation is due them for the | convenient form in which the coeffi- 


vee 


cients” and formulas are ‘presented. Th he writer can _appreciate this 


“extent, because he undertook to check the first sixty odd formi ulas 
developed i n connection with obtaining the coefficients for moment, thrust, 
and shear ‘due to variable water load, weight. of arch, temperature, and uni- 


water load for arches with fixed ends. 
In order to determine the increase it in tensile stress dev and, 


a 


fore, the additional reinforcement required, when the variable ~ water load 
‘ond weight component. inclu the analysis of the arch 


calculation was made by the writer for an arch ring praetically at the crest 


of Dam No. as given by the authors i in the numerical example in 
“Appendix. ‘The eritical arch ring selected, will serve to indicate the — 


of consideration merited by the ‘non- uniform loads (weight “component and 
variable water load) acting on the arch. 
In conformity with the basic data given by the authors for Dam No. 1, 7 


following” physical data were selected by the writer for the arch ring 


"Elevation 195 = 26. 50 = 2.00 ft.; yt _=0. 079; | 2 
had 143.0°; and temperature drop = 20 degrees, The head at the arch crown 


(208—195) — 26.50 cos 47° xv versin 71° 30’ = 0.66 ft., and pe = 0.66 X 62. 


4a means of the authors’ curves and using the foregoing physical data 


"Fate 


the summary of moments, thrusts, and shears in Table 5 was obtained for 


Analysis of Table 5 indicates that under the conditions assumed a critical ; 
“tensile stress of 233 Ib. per ‘sq. in. is developed at the abutment extrados o 


‘the arch ring in question. — By means of the standard formulas for the <a 


TABLE 5. —Computarion ‘THrusts, SHEA ARS FOR ELEVATION 


a 
in feet | i in foot- | in 
7 | degrees | pounds pounds | pounds 
— 

Uniform water..... 086] 1 090) 
Variable water 380) VW 400! 5 050 


20° temperature drop. 26.50 | 2.00 268 
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a Engr., Los Angeles City Board of Education, Los Angeles, Calif. | 
the Secretary August 11, 1962, 


oof conerete arches to and direct stress, the longi- 
tudinal steel required to re inforce the arch ring adequately is then 1 fixed as 


1-in. square | bars at /18- “in. oe for both up- stream and down- stream faces. . 
In order to investigate ‘the influence of the non-uniform loads” (variable 
Bp load and weight of of arch) upon the critical stresses developed and upon — 


the amount t of reinforeement required, a second analysis of the arch ring 
cat Elevation 195 ‘made by the writer. In this instance, curves based on 


the formulas developed by the late William Cain, Am. S Soc. E., in 


| ‘paper entitled ‘ “The Circular Arch Under Normal Loads,” * 2 were used to 
determine the crown and abutment stresses. 


be By means of these curves and with the further assumptions ( of a 20° tem- 


perature drop and a uniform water load | on the arch corresponding to the — 

average head between the | crown ‘and the abutment, a critical tensile stress 
Tb. per sq. in. was developed at the abutment extrados for Elevation 
195. . Assuming this case that all tension is to be absorbed by the 


= Pin. round bars, at 144 -in. centers, would be required hee face. a 


of ‘approximately 80% is required when ‘the ‘effect ‘of the 1 non- 
uniform loads is is included in analyzing the ring stresses of multiple- 
arch dams. “Tt should be noted, however, that this increase applies only to 


the upper arches and down to toa evel of approximately 1 100 ft. below the crest. 
At elevations lower than this, the bending moments induced by the variable — 
water load and weight: component b become relatively small; and , furthermore, 
the weight component 1 tends to equalize the load distribution on the arch, — 
Unfortunately, a more economical distribution of material and stresses 
obtained in the design of -multiple- arch dams when | the normal arch is 
r made thicker at the abutments than at the crown. 4 This i increase in thickn ess 
may be. attained advantageously by making the of the arch 
centered. ‘In this case, the arch | stresses developed at the abutments will be 
less critical than those indicated by applying coefficients such as those intro- 
Binh the authors, which are based on the analysis of a circular arch ot 
constant thickness. AD more exact method of analysis would dictate the da 
of ‘the elastic theory wherein the non-uniformity. of the load due to the 


slope. of the arch barrel, as well as | the in thickness of the are 
, Vol. LXXXV (1922), p. 233. 
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A. As ssoc. M. Soo. C. KE. » Clay letter)’ “—This is 


valuable contribution the knowledge of 
author is to be congratulated on his candid presentation “of a very” unusual 
‘proposal for improving the loading conditions of such dams. No one 
has g given thought. to. the e subject doubts that the design of arch dams can be. 
and will | be improved, but. it is recognized that the number of unknown factors _ 
| so large that a perfect knowledge of load distribution w ill, probably never 
be achieve ved. While model tests are undoubtedly helpful, the writer believes 
that they should be interpreted qualitatively rather t than quantitatively ; that 
is, as a guide tow vard a better understanding of load distribution rather than 
Boi a means of making exact deductions from the model as to the behavior | of 
The writer is ‘glad that Mr. Karpov has shown 
shape of the dam site, because this has a considerable effect, 
— as far ¢ as can be be known, ‘in determining the ‘Telative distr distribution of load - 
between arch and beam at the different section 


ith to the that ‘V- notches should be provided, 


in n practice, 


wi beam action. Thus, if the design is based on a of load 


as between arch and be beam, and the notches are provided ostensibly to 
‘obtain uniform stress conditions in the at arch, the result will be that the arch, 
§ n deflecting to close the notches (which must occur before it can take any 


appreciable share of load) will, throw undue load on the beams and falsify 


the assumptions on which the | design was made. At the same time, twisting 

actions will be caused in the beam sections, which will probably cause sec- 
ondary ‘stresses just as pernicious as the mal-distribution of stress which it: 


a - Nore.—The paper by A. V. Karpov, M. Am. Soc. C. E., was published in April, 193 
_ Proceedings. This discussion is printed in Proc R.. RR ‘in order that the views expressed 
may be brought before all members for further discussion > og 


2a Received by the Secretary May 10, 1932. 
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scussions — 
. Apart from all this, the writer er does not believe that at it is possible to obtain 
uniform ‘stress distribution in -an arch by removing material therefrom in 


‘any manner. The gaps must first close before the arch takes load, and when | 
they are closed, the arch is in just as bad case as a’ solid arch, with the fur- 


ther’ disadvantage of having its shear strength almost destroyed. Pre-stress- 
ing, as advocated by Dr. Vogt, : appears on theoretical grounds to be the only 


method by which uniform stresses in ‘the loaded arch can be . obtained. oa 

may be urged that the closing of the gaps that are proposed actually results 

in L pre- -stressing the arch in the desired manner, but i in practice the heavy 

concentrations | of load, spalling of the conerete, e ote. will destroy any nicely 


calculated effect of thiskind. 


approach to a better distribution of arch stresses can be obtained 


varying the curvature to s suit the loads, and the writer would look 


developments this direction for improvement in the practical design 
R. Jorar INSEN," M. Ax. Soo. OE (by letter) ““—The author has pro- | 
we the design of an arch dam, in which the thrust at t the abutments 3 is to 
"be applied tangent to the neutral axis of each arch - ring » of uniform thickness | 
and in which si single arch elements ean be shifted automatically into the cor- 


rect position under load» to allow the thrust due to full load to be uniformly 
distributed over the arch sections. along the arch ring. such a ease there 
would be no bending moment, which would be we 


1 

Mr. ‘Karpov has done “considerable work ‘this sign ; he ‘is working 
in a field in which there are still wide gaps and his contribution i is valuable i = 


4 I P: III, at : We att 
In Part TIT, he sta ates: 


a “The problem of finding the proper shape of the — resolves itself into — 
: finding the equation of the center-line curve of the arch for which the | chang- 
ing radial loads applied at the up-stream face _will produce zero bending - 


‘The greatest problem is to find the value of the changing loads on 
the arch at various points, a as ‘upon the ; accuracy y of this depends the adequacy 
of the resulting design. As the author has stated, the cantilever carries most of 
the water: load at the bottom, and at the top the arch generally has: to carry 
a part of the cantilever load, in addition to all the water load. FO FM EOE A 

It is well | known that i in order ‘to compute the percentage | of load taken by az 
the various cantilevers several assumptions ‘must be made, that are rather — 

difficult to formulate correctly. Therefore, they are often omitted—especially 
the water- -soaking effect and the difference in value of E between wet and 7 

dry concrete. ‘Whether or not there will e ever be actual vertical tension in the 
stream face o of the cantilevers of an arch dam depends mainly ‘upon 
‘the degree of water-soaking | effect, present in the section, but also to ae 

= extent on 1 the difference in the | amount of the total deformation of wet and 


dry concrete. ‘The total deformation of r concrete is approximately 


te Sees by the Secretary May 31, 1932, : 
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October, 198 JORGENSEN COMPENSATED ARCH DAM 


times” that of wet ‘concrete. ‘This fact will cause more load to be 
the arch than if, as is customary, I’ is assumed co aties 
The water- soaking effect has thus far been omitted, ‘when the 
variable: radial load on the arch g slice, becaus n about it than 
any other factor. At is, wine. the distribution varies from a 
- maximum at at the e wet up-s stream face to zero at the dry _down- stream rita 
: the arch n may be forced to hold the cantilever back in addition to supporting 
all the load. At its | best the water- soaking effect can be omitted. W hen 
designing an _ important structure the worst condition that ‘ean happen i is of 
more interest than anything less than that. ‘If the worst condition of load- 


4 

ing assumed, however, the working “stresses can safely be chosen rather 
The Diablo Dam on the Skagit River, in Washington, , was designed 
& carry all the load on the arch without help from the cantilever. The section -_ 

could have been made thinner (16 ft. at the crest and 98 ft. minimum _ 
; the bottom) had the | e cantilever action been taken into consideration and the 


possible water- soaking effect omitted, but it was assumed that the two actions Fo 


‘The crushing strength of the mass ¢ concrete in this s dam at the age 
. one year was about 6 000 Ib. per | sq. in. i It would ‘appear to be safe to use 
maximum stresses, or rat least maximum apparent stresses, of 1000 lb. 
sq. in. . for such concrete in large. dams, when assuming all the load as taken 
by the arch, since in such case the actual maximum stress should be. less, 
_ whereas had the effect of the cantilever been included as ‘supporting part of. 
_ the load and had the water- soaking effect been omitted, | the actual maximum 
“stress certainly would be higher. Of course, material can always be saved 
by using higher stresses. If the cantilever is considered as taking a certain 
_ proportion of the load, using a constant E, omitting the water- soaking effect, ts 
ee allowing 600 Ib. per sq. in. for maximum compression, the actual stresses 
may well be about 1 000 lb. per sq. in. . The water- soaking effect is always a 


favorable to arch and unfavorable town forcing the cantilever 
- Concrete with a crushing strength wi 6 000 Ib. per sq. in., when one year 


“old, will safely withstand a maximum calculated stress of 1 000 Ib. per sq. i 


n. q 
To secure good eoncrete is much more important than to obtain mere lov 7 
stress ina high dam s since such concrete is also tight, and the life of a high © 


concrete dam i is in direct proportion to its tightness. 
1) At one time the writer thought tha bending in an ‘arch: dam 


~ could be eliminated just by changing the shape of the arch, ‘making it noel 


4 near the abutments, where the center line of pressure bends i in a down stream 
di 


4% irection. _ This ¢ can not be done, however; 4 it does re require dividing the arch a 7 


= 


| to allow the arch to adjust blocks: will allow a a finer 
adjustment. than just: a few blocks. Making the blocks. 40 to 50 ft. long, a as. 
between ordinary contraction joints, would not accomplish the necessary 
and it a pertinent practical how far 
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EVANS ON THE COMPENSATED DAM 


The cost of construc ‘ting these blocks accurate ely and m 
st at least past bi balance the of taking 


tak care mort the: ‘maximum Iso. 

of the concrete 

the bottoms, 


arch should be dimensioned conservatively, because some bending m 


Mr. ‘Karpov, who is connec sted with “a large corp corporation having first- -cla ss 


facilities for testing» _purp oses, is in a favorable position for carrying on 
investigations of the greatest unknown influential factor in this connection oe 


distribution of th 


st u 
3 he behavior of ro 


w ater pressure at one end ‘and to ‘the at the other end, 

should yield valu: ible information about the distribution of t the water- soaking 7 


ia effect throughout a _ body of concrete. It would be necessary to paint the 
on of the > specimens with a heavy coat of asphaltum t Oo prey vent evaporation 


also to provide metal plugs. at intervals for measurir ig purposes. 
~The writer believes that time and Money spent on such an inv wutlgntion 


would be worth while and suggests that the author go into this matter with 


same determination as as he has shown i in his work. much 


“faith can be placed on the positive , more 
{ 


ex 
be available on ‘the distribution of ‘water effect 
th 


vans, Tuy Am. Soc. (by letter). “_Wi ithout a doubt, ‘Mr. 

Karpov has m: ‘made a v ralus able” addition to engineering literature. or 


_ most part his paper seems theoretica ally correct except for the statement that: 


_ only arches of constant thickness can have zero moment at any point along the 


axis, neglecting the e effect of rib- shortening. It is to be regretted that 


‘Mr. Karpov made this error beca ause constant thickness is not necessary in an 


order to have zero moment along the arch axis is, 


iyi In checking over Mr. . Karpov’ s work, equation by equation, there is no, 
Begg to be raised until the derivation o of E quation (19) i is reached. Every. 


step is mathematically | legitimate and no errors are involved. _ From the 


mathematician’s standpoint all i is well, but not from an 
The 1e engineer is’ is ‘interested in. ‘Equations (5), (8), and (11). 
Consider a circle defined by the equation, + = (R)*; from 


Nex ext, shift the origin so > that id 


— ti bending by means (19). 
is added material deriv 
The shearing strength it is 
dam in place especially arch 
tion. 
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de rive ad by mathe “mi atical ope rations e ntirely free from all reference to anarch, | 
it is obvious not Simply that: the moment on the an 


f: no moment, shear, or thrust. terms are added in any operation between Equa 


tion (19) and Equation (28), it is impossible to see how any re esults obtained — 


by any expressio1 between these equations ¢ can be s said to follow from the 


- fact ‘that, the mo moment on ‘the | arch axis must equal zero. 


a Correct methods of attack have been devised, that eliminate the e possibility 


of such errors. One method is to evaluate Equations (8) and (11) and set the 


equal ‘Zero. Equation (8) ean be expressed in such a ‘manner that 
thie ‘ness of the arch rib | at any appears as a variable. , will then 


ness on» the moments along 


“If the» origin of 0- -ordin: ates is taken ¢ t the ‘ “e rown ” of the arch on the 


axis of the arch, it is ; possible | ‘to set. up an expression . for the moment about 

riable point, ; 2, is: or 


In orde or to satisfy \quation | (5): 


) 


can be satisfied by an ‘infinite of 
uation of the neutral axis of the arch, it i 


that the ean many of arch ring that | satisfy the condi- 


_ tions imposed by E ‘quation (5). | WwW hen the variable, te, is expressed in terms 


of x, y, and the equation of the neutral a axis has a definite form. 


s 


Again, ‘consider the problem m in the light ‘of the column analogy® as 


sented by Hardy Cross, Am. Soe. | The change moment will 


by the expression: 


P.M, 


and sinee it is is assumed that there is to be no n noment on the arch ¢ 


value of P, and M’,, must be equal to zero. As these factors are 
- the change in moment is also equal t to zero and | Equation (5) is s satisfied inde- _ 


pendently of A, J’, in E arg? 5). As these terms are dependent 
_ upon the variation of the thic kness, tz, this i is an undisputable proof that the 
3 condition of f zero moment along the ve om does no not t define the variation of 7 7 


Tt might also be mentioned that hee: moment at any point cient arch 


—6S See Bulletin No. 
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SIBEI RT THE OM PE ARCH 
As long as as the s 
there: 
e 


that attention should 


ing students use the pap paper as reference. 


Esq. (by letter).*—In Part TIL at: Mr Karpov paper, 
Equation (28) is incorrect. Hence, his conclusion ‘that the thickness 


be constant is erroneous. This. failure to define has made it ‘difficult to. 
locate the source of his error. At the beginning of I Part TIL, one gets the 


impression that 7 p’ is s the radial load, . a a term which presupposes a circular arc; 
while immediately after Equation (4), p’ is -ealled the external load. In 
_. discussion that follows, p’ is considered to be the normal pressure of the water 


4 per unit area on the up- strear m face at any oe ” the horizontal ‘section J 


> 4 


IG. 


of the dam shown in Fig. 3. Since ; pe is the pressure perpendicular — to the a 
I -stream n face, it depends only, upon the depth of the meres section below fon 


‘surface of the water. . Hence, is independent of a and y 
Consider a an infinitesimally ‘small a area on . the up-stream having 

length, dl’, and a width, ds’ (see see Fig. he normal force, dP’, 


If dz’ is the vertical projection he component this 


normal force is: 
— 


ae 


6 Associate Prof. of Mathematics, of Eng. of Cincinnati 


‘Thus, 
— value of Mr, Karpov’s wor 4 Furt 
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ON THE COMPENSATED ARCH DAM 


‘Thus, ‘the horizontal of the per unit of height i is: 


‘ 
‘of Equation 
= = p’ rer, 
‘Finally, since M 
of Mr. Karpov’s | = paper is ‘obtained. Lae! 


Since not only p’, but also and 4 are independent of x and 
‘evaluation 1 of the two integrals: given in ‘Equation (8) is an easy matter. 


> 


of the hypotenuse | equals the sum of the sie of the 
other + yu . The "substitution of 


= 


result i in Equation e following value f for . Mi: 


When this value. of M, and the value of. M, given in Equation (11) a 


ibstituted in n Equation (5), the condition for zero moment at each s nia 7 


+ a + a- +- (Ho Vo + = 0 


As (ay, is any point on the neutral axis, ess confusion wil will result if 
of this point is replaced by the variable point (x, 2 y), and, at the same time, ¢, is Zz 
, < replaced by t. ‘Thus, the co condition for zero moment at every section is, 
(y, — — + o (%m + 2) =0..(105) 


For the particular case, in which (a constant), the neutral axis is 
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SIBERT ON THE COMPE ENSATED ARCH DAM Discussions 
‘Moreover, if = 2 (y—o’), the neutral axis is the parabolic 
+ (Ho — Vo (am + 2) 


ke and being constants and the. 


Equation (105) shows that t can can be any funetion of wand y. I 


ever, for. each particular: function of x and yt issigned the equation. 
‘of the neutral axis is of a particular: form, as has been demonstrated in the 
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DISCUSSIONS” 


“a 

MESSRS. A. H. MARKWART, AND R. V. MEIKLE 


Aw. Soc. C. letter). r was much 
icant point gained it is 
that irrigation power has had its golden opportunity in Arizona. O Obviously, 
“the basic factor in that situation is the high cost of fuel. 
~The vz value of irrigation ‘power ‘is, fundamentally, ‘the value of the fuel 
saved in equivalent steam plants » since practically every irrigation ‘power 


evelopment requires a kilowatt of -steam capacity for each kilowatt of irri-_ 


d 

gation hydro-electric power. _ This becomes nec cessary by reason of the general — 
¥ stipulation that irrigation draft shall govern the releas ase of water. ‘Thus, power © 


when not synchronized w ith irrigation draft, must be. met by sup- 


plemental steam. summarize, the cost of fuel alone, | less transmission 
- costs, sets the value of irrigation hydro- electric power, up to the point where 


hy dro-electric. pow er on a load- -carrying basis rather than on an. irrigation 
basis, is cheaper than all steam-electric power at load centers. 
fuel is high in price, ‘the irrigation power development will have 
advantage because its investment is low, this being limited to the ¢ generating a 
— the penstock, and perhaps a short. conduit. The dam, he reservoir, 
i and other ‘parts normally required for developing head in a power 


here necessary to and chargeable to the irrigation project. 


general, irrigation power can be absorbed most readil y in a regional 


_ system having a relatively high annual load factor, such as the systems in 
| Central and Southern. California. i Irrigation and drainage pumping are, of | 
course, ideal as irrigation power loads. A low load- factor system is not helpful 

California. at present (1930), irrigation power is suffering from the 
"presence of enormous quantities of cheap fuel, both oil and natural gas. 


paper by Charles C. Cragin, M, Am. Soc. C. was presented at 


meeting of the Irrigation Division, Sacramento, Calif., April 24, "19: 30, and published in 
_ April, 1932, Proceedings. This discussion is printed in Proceedings in order that the 
views expressed may be brought before all members for further discussion, © 


Vice-Pres., Pacific Gas & Elec. Co., San Francisco, Calif. 
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as is any other natural resource. _ Under these circumstances, it 
will be somewhat more difficult for irrigation power to as well in the 
future as it has in the past. While | the falling waters of an irrigation pro- 
= % ject should be conserved, as a natural resource, th the natural resources in gas, 
7 like w: ssibili lenished, should 
which unlike water have no possibility. of being r enished, shou likewise 


RY. MEIKE,’ M. Am. Soc. ©. E. (by letter) 2 The benefits to be derived 

he development of hydro- electrie power in connection with irrigation 

"storage have been clearly presented in this | paper. | r. In his analysis of ‘the 


‘wet, the author’s conclusions are > generally applicable tot the px power develop- 
ment by irrigation districts on the Stanislaus, Tuolumne, por Merced Rivers | 


in \ the San Joaquin Valley of California where te ol installed capacity | 


r. yearly. The power 
peony these California developments is “disposed of 3 in a different manner for 


each. project One “project receives ‘storage water for irrigation free, in 
exchange for its power rights to the power company ; peewee project sells the 

entire output wholesale under a -year “contract ; the third project combines 


distribution within its area and. wholesale delivery, ‘to the power company 
under long- term contracts. In instance, the development -hydro- 


electric power has been a substantial aid: to irrigation. 


¥ 
. ‘The sale of power generated | at these irrigation storage developments to 
ie power company under a long-term contract is undoubtedly the safest and 


easiest method of disposing of the power “output. 


It is possible for an ‘irrigation enterpr ise to eng gage in the genera power 


- business | successfully, | but this step sp should not be taken unless it is impossible | 
to make a reasonable and fair agreement for the sale of the output, to the 
local power company. In jrrigation- enterprise, ‘the taxpayers should 

receive the first consideration in any matter that affects the financial struc- 


ture of their project. — The distribution of power by the irrigation Project 

may lead to the paralleling of lines and destructive competition with the 
a local power company. _ Reduction of power rates on the ‘project resulting from 
competition or or low rates made to please the voters, m may not benefit the tax- 
_ to the extent that he would be benefited by the income that could be 


derived from sale of the power to the power without the risks 


~ 


aga of less importance in California, due to the inability of the districts to 


finance such expensive undertakings and to the that the power com- 


7 
panies have been co-operating with the irrigation ‘districts to the fullest extent 
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handling of the power from. the projects. 
‘urthermore, lower domestic 1 rates may be expected fi from the power companies. 
‘To increase the use of electricity, the rates must be low enough for the aver- = 
“age family or customer to take advantage of the many uses of electric power. 
- The lowest domestic power rate under the irrigation district distribution, 
of the projects mentioned is, as. follows: 15 kw- hr., , $1. 00; “next. 15 kw- hr, 
$0.05 ; next 50 kw-hr., $0.025 5 next 120 kw-hr., $0. 02 ; and more than 200 
kw- -hr., $0. 01. T This rate, under the conditions of rural distribution, is possibly 
too low, but no no money has been lost in “supplyi ing the 5000 customers 
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hydraulically, the | author’s 8 opening sti atement is “undoubtedly ‘sound. The 


tinued of ‘the narrow wou 


must co-ordinate and, to an extent , subordinate hydraulic ie principles with, 


and to, the | demands of safe navigation and harbor accommodation. 4 wide 


channel, easily maintained at the maximum usable depth, is general 
“better than a narrow and deeper fairwa ay. 


4 “tien is from the of the port ¢ engineer, 


The Lower Hudson Ttiver has a variety of important comme 


tudes. | In its low er er part it is | practically ¢ a sub- port lined on both shores with 
berths» for the 1 largest ‘merchant ships" in sea, coastal, and river traffic. 
Its volume of cross-traffic and the congestion — existing at times are too well 
5 know n to need deseription 1. Above | the bend at West 23d Street large areas” 
are given over the anchorage vessels, including: naval anchorages for 


 eapit tal ships, in the deep Soe: adjacent t to the New Y ork shore north of 


est 72d Street. bel ow the river bed, are important tunnels, protected 

bs comparatively thin layers” of ‘mud and « clay from possible serious injury” 
through the sinking of a vessel and/or an explosion of its cargo in close 


proximity to the shells ¢ of ‘the tubes. Extra channel width is an important | 


: consideration a as a mately 4 factor j in case of such a contingency. The river is the 


s bound the distant: 


great: ‘tidal stream, with ‘extensive reactions. 


a Prior to 1890 harbor lines were established by State and city” saeaeaied 
since that date they have been fixed by the Federal authorities. Owing 


7 Norm—The paper by Lynne J. Bevan, M. Am. Soc. C. E., was published in a 
1932, Proceedings, Part 1. This discussion is printed in Proceedings in order that the 
views expressed may be brought before all members for further discussion. ‘iil 
 ieeon New York Harbor Line Board, U. S. War Dept., New York, N. Y. 7 
3 


@ Received by the Secretary June 21, 1932. ee 
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the conflict rest_ mentioned by the author, s probable le 
all the subse quent modificat itions of these lines have had the sole purpose | of 


-improvin ing g the river for the benefit of navigation. The p points fixing the present *, 


least width _ between pierhead lines on the New Jersey and New York shores 
at We est 23d Street, ‘Manhattan, were established by pier lines adopted by 


the of yd the one shore, and by the 


— 


"Board stated its opinion that harbor Sins "should been 


tangent to Castle Point, N. J since it projects so far beyond the general shore 


e. However, since such a modificati ion would have ‘interfered. with vested 


_ rights, duly acquired u under the State laws of New Jersey, the Board recom- 


~ mended the adoption of lines fixed by the laws of New York and New Jersey 
that time. An exception was made in the pierhead line between the 
Battery and West 23d Street, New Y ork City, which was “extended outward 


accommodate 1. The maximum extension was about 155 5 ft. at 


Known | as Castle Point had formed a marked gorge which | should ‘not have 


been worse by artificial shore statements indicate 


= this first Federal Harbor Line Board decide d, against its inclination and 
_ judgment, to allow encroachments to continue, which had been legalized cease 


“the War Department received authority to regulate these matters. 
a Pre- -war current observations and data appeared to support the opinion — 


that the 1e velocity ¢ of the r river current had increased. 7 New and comprehensive | 


data were published® in 19 25° by the U. S. Coast and ee 
pamphlet, entitled “Tides and Currents in New York Harbor,” b 


- Marmer, M. Am. Soe. C.E. , which contains s tabulations 8 of tidal ¢ cur rent obser 2 


vations from records: of the Survey between 1854 and 1922. These data do 


not indicate ar any large pe percentage of change i in the maximum tidal velocities 
of the Lower Hudson River during the period covered. |. Tables 63 and 64 0 of 


the pamphlet indicate “observed ebb- current velocities at several stations and 


} 


at the several periods reading between 2.5 and 2.8 knots per hour and an 
observation in 1919 giving a velocity of 8.11 knots, all reduced to normal 
tide values. latter which is No. 58 in Tables 63 64, is 


d dheceeliine’, as ‘it is out of line with other observations in the vicinity made 

in 1922 (Nos. 57 and 59), although it resulted from two days’ observations. | 
age 

location off F ort Washington ‘Point, where practically 1 no contraction 


= the width of the stream has occurred, eliminates it from consideration in 
discussion | of the author’s subject. It is is mentioned only as it indicates the 


familiar and disconcerting manner in which a an ‘individual observation fre- 

: ~ quently breaks up the continuity of a chain of data, and raises an element of — 


*Rept., U. S. of Baers. 1 1890, pp. 816 and 821. 
Publication No. 111, U. S. Coast and Geodetic: ‘Survey. 
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MOSS ON HUDSON: RIVER IMPROVE NTS Discussions 


doubt. Observations i in n the tables numbered 2 2,1 16, 19, and of, mphlet 


are difficult to reconcile with others in » vicinities. 
Table | 64, ‘more recent Nos. 1, 8, 10, 13, 18, 24, 2 


which differ from 25% from « each other. seems to 

- the writer, in 1 view of these « discrepancies, and the extreme difficulty in obtain- 
~ accurate current velocity measurements mentioned by the author | (as well 
as the absence of information as to >» the depth « of the earlier observations) ea 


that there is little to warrant a definite conclusion that the ‘strength of the 


tidal currents: has either decreased or inereased noticeably since 1854. . 
: conclusion: that it has not increased nor decreased largely is believed to be 
a Meter observations of ‘the ebb current at strength were made by the U. Ss. 


Engineers December. 26 ‘and 2 7, 1912, which showed ‘maximum velocities 
nearly 6 ft. per or 34 knots per hour. On these dates, lunar phase 


‘Produced spring tides which were recorded as about 1} } ft. above normal. 


Reduced to normal tide these observed velocities would about 2 7 knots, 


which agree fairly well with the com maximum velocities of Cet 


and Geodetic | Survey pamphlet. These current observations were taken 

‘intervals of in depth in the thread of the swiftest current at three 


- Stations off Barclay Street, Chelsea Pi iers and 52d Street, Manhattan, -Tespec-— 
tively. ‘They agreed with the Coast, Survey 
regular decrease in current with depth stations, but, in ‘the 


“draft vessels will be mean of the vertical section 
they displace. this velocity will be. consider ably greater than near- 


‘controlling factor in erosion n by tidal current. ar 


a The paper by Mr. ‘Bevan’ exhibits quite a collection n of curves and t tabular 
data which deal with changes in the cross-sectional areas of the lower river 
at intervals and which were originally compiled principally from U. S. Coast 


and Geodetic ‘Survey charts. Close examination ‘Teveals inaccuracies in 


‘assumption and basic data, which weaken the e conclusions a apparently | reached. 7 
Errors in assumption are: @) That the effective cross-section is included _ 
between the pierhead lines; and that the charts used show soundings of 
the date of publication, Errors in. data include: (1) Using charts with insufi- 
(3) excluding ‘free areas shoreward of the pierhead line ‘not occupied by 
_ structures at the given dates and sections. Critical study has been made we 7 a 


Sections 3 8, , 6, 12, and 15, shown by the author’s Figs. 38 to 6, , inclusive, as well a 


as Fig. 2 . For the’ purpose t the writer used Coast ‘Survey charts of 1930. > 1 


issue. To these were transferred soundings of 1855 taken from office tracings — 


two charts entitled: “U. S. Coast Survey, A. D. Bache, ‘Superintendent, 


Special Publication No. . Coast and Geodetic Survey, p. 132, 
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New York B: Bay and Harbor Surveys in 1855, Copied for the Commissioners 


i, for the Preservation and Protection of the Harbor of New York from | Encroach- 
ments. They are Hydrographic Shee Nos. ATT and 496 (seale 1:10 000). 


Table 1 and Fig. 2 of Mr. Be an ’s paper show:a fairly uniform deepening 


across channel at 1t the Chelsea Pier Section | between 18: 15 and 1855, the i increase 
of section being 10 500 sq. ft. About one- ‘half amount was lost by the 
advance of the shore prior to 1855. this early period a pier extended out-| 
_ shore to about the pectin of the present siathens line and caused an addi- 
tional obstruction beyond the pier lir line of 1855. . Figs. 2 2 2 and 4 ‘show a pier- 
hea ad line, of 1914 about 100 ft. channelward of the 1897 pierhead line, which — 
is an error, as the 1897 line remains the established line. this 
shoaling i ‘is indicated along the / New York shore between 1855, and 1874, fol 


lowed by deepening in 1912. Between these dates the Chelsea Piers were 


built and the shoal a area in n front. of them was . dredged more than 40 ft. deep, 

=m nd 997 000 cu. yd. of material were removed outside the pierhead line on _ 

_ fro ontage of, about 3 400 ft., with an average width of about 500 ft. — This" 


deepening would result in increases of cross-section of 6000 and 9 000 a 


In "the sections shown, only a few widely separated soundings were 

“obtained from the older maps. As a result the bottom contours are long 


- straight lines with only three to four breaks across channel. If more frequent — 


soundings are taken from the original hydrographic sheets the entire 
_ clear portion | of the river between existing structures is included, the ‘results 


considerably less. increase of section between 1855 and 1930. must 
pointed out that 1 many. soundings on the Coast Survey chart of 1930 


old. Revised depths are given on the chart only wherever the 
+ E Engineers have dredged or where they have e made surveys in more recent : 
years. hus, on Chart No. 369.8, nearly y all soundings northerly of of. West 
158th Street date back to the s survey of 1885-86, and many of those i in the 
deeper water south of this point are of the same date. Since the soundings © 7 

available and the harbor lines were the same at Fort. Washington Point oth 


in 1910 and 1930, the areas of cross- -sections should be be practically the same 


j for: both dates, , but the author’s Tables 3 and 4 show a difference of 15200 

4 sq. ft. as of these dates, or nearly 10 per cent. . Even on Coast Survey Chart 
No. 369.4, issued in 1930, through the e deeper sections, where untouched by 
dredging or not covered by a later | ‘survey, a few of ‘the original soundings | 
of 1885-86 are still retained. - Most of the older soundings, however, date from 
1899 to 1910. Thus, i in the vicinity of Section 3 (Fig. 3), due to much dredg- 
ing, out of fifty- three soundings only two refer back to the 1885 survey and 


"seven to the 1899- 1910 survey ; but. at Section 6 (Fi ig. 4), out of a total of 


forty- ty-three, three are from 1885 5 and | twenty- -four from 1899- 1910; while, at 


Section 9 (for which 1 no diagram i is shown), out of forty soundings, six date 
1885 and four from 1899- so- -ealled 1950 data, refer 
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- Referring to » the section numbers of Tables 3 and 4, the amount of advance- 
~~ 


% ment of the physical shore by structures or fill in various sections is approxi- 


dvance, 


It will be seen that T able : 3 ine a ‘decrease, or a slight increase, in area 4 


= most of the sections where the largest contraction of stream has occurred, 


notably at at Sections 3, 4, 5, 10, ny, and 
writer has: ‘made comparison of the river sections from the Coast 
- Survey Charts of 1855 and 1930 at the author’s Sections 3, 6, 12 , and | 
tiers (three in S Section 6) of reference ‘squares have been drawn on 
charts across the river at each section, , and the approximate amou nt of deepen- - 
_ing or shoaling in the 15-ye ye ar period hi has been estimated. These data are 
shown by Table 6, the average change in ‘depth, in feet, ich lettered 


square of each tier being given by figures. A preceding plus sign indie cates: 


deepening g, and a minus sign, shoaling. 


North. .| { Total change... | #]- +3 +3 +0 
South .. Total change.. - 


+ H 


Middle.| { Total change. . +8 
South. Total change 
Dredging | 
 South.. Total change.... 
North. Total change....] +1. 4 +3 |. +0 


> 


> 


‘ 


at S 
4 
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examination of Table 6 shows a ‘of considerable areas. 


A striking difference is indicated between results in the north and south tiers _ 
at Section | 6, , and it ‘is obvious that there j ‘is less 3 increase in section across the 7 


lower tier” than the upper. Thus it was found that by drawing the section 
Tine across river about t opposite 6th Street, Hoboken, N the areas 
would be “approximately 1 55 000 sq. ft. for the 1855 soundings, and 150 000° 


“sq. ft. for the 1930 map, the latter including about 5% of dredging. at 


; ‘Taking i into | consideration t the actual physical shores as limited by fill and ~ 


ures at the ates indicated, the writer has computed the a areas of the 3 


four cross-sections in square feet, using for the 1930. sections the Coast 
charts” of the 1930 issue (see Table 


a. * TABLE 7.—ArgEas or Sections 3, 6, 12, AND 15, IN = ARE FEET © 


Dredging 
Dredgin 


Secti n 18), gives an area of about 145 000° sq. ‘ft. “The great depth this 
] point, the impossibility of accurate development of the bottom bec: ause of 
small scale of the maps, ‘and the infrequency | of ‘soundings: accentuate the 


erosion of the bottom, which is known to be generally "quite 

deduced . Ing general, the greatest. increase in depth has been in the deeper 

areas, close ‘to the thread. of deepest water, which apparently has not shifted 
materially in past seventy- five years. Some of this deepening may be 


attributed to the disturbanee of the bottom by large vessels, m 
and from docks 2 


maneuv to 


powerful, serews are reversed i in n checking ‘speed, or the is started 


ahead or large i increase by erosion bey ond a depth 


of about 45 ft., involving large quantities of material, is not desirable from 


of improvement, because the eroded material will be deposited 
in some other part of the channel or harbor, and will add to the cost of a 


Although much larger, sectional areas oc ur ‘on stream and down stream 


4 from | ‘the Holland ' Tunnel, it is interesting to observe that near or along the 


of crossing Street), there i is now (1932) an of 
West 

the the river has been dredged an. “average of 3h ft. 
_ increased the section about 7000 sa. ft. . If this section is dredged from 


-pierhead line to pierhead line to an average depth of 45 ft., the effective area 


then be about 140 000 sq. ft. along the tunnel line, This w would leave 
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‘* study of the maps and surveys indicates that at times there has been 
‘light shoaling on the New Jersey shore in n the vicinity of the Del: ware, Lack: 
awanna and Western Railroad Ferry at Jersey City, N. J., and on the New 
3 York shore between 19th and 30th ‘Streets. A recent development is the. 
4 -shoaling along the east shore between “West 7 Sth” Street and West 152d Street, 
| Manhattan, which is probably due largely to the fill made in extending River- 
side Park. hy may be ‘probable that at tidal stream, particularly on the ebb, 
has» the | tendency to concentrate its energy along the line of deepest | water “a 
higher velocities will o occur, than it had before the deepening 
entration, took ‘place. Ambrose Channel, which was cut through the bar 
at the entrance to New York arbor and deepened from 40 to 45° ‘ft, 
has. tidal velocities only slightly less than those of the Lower Hudson River. 
However, they are consider: ibly y higher than wer ere for merly_ observed in 
adjacent shoaler ‘channels that have been” superseded by ‘Ambrose Channel, 


although it is probable that the cross-section of the mouth of 


Bay is larger than at that for mer period. 


In the ‘absence of more reliable data = better interpretation of those — 
at hand, it is believed that the conclusions reached and the implications sug- 
gested by Mr. Bevar an are far from decisive. Ev en if the paper had demon- 
‘strated conclusively that the river’ s hydraulic regimen had been improved d 


Beet its current velocities reduced, there is great uncertainty as to whether — 


or not ‘this hypothetical effect” could be attributed solely to. the narrowing 

a 
caused by advancing the shore and pier lines. Other factors should be con- 

sidered. — Minor changes in the ranges and heights | of tides produce marked | 


current changes. Channel deepening and widening both in the Lower Hudson 


and in other parts of the harbor and its tributaries and entrances, and large 
Seem, the volume of the tidal prism over the long period under con- a 
sideration probably have had a an induced or direct effect 1 upon the tida: re: ction 
| currents. There is ‘no question that the author’s “suggested method of 


“improvement” ‘narrowing solely to secure better hydraulic conditions, 
would injure rather than improve ‘the Hudson River for navigation, even 


were not. largely infeasible because of the existence such b barriers 


Brown,’ : Aw. | Soc. (by letter). ™_Data are presented 
4 this p paper, purporting to show that the successive encroachments of the. piers 


into the fairway of the Hudson River in New York Harbor, have increased _ 
the cross- -sectional area and decreased the tidal current velocities. | Years ago 


apprehension was expressed by « engineers of high standing that the contraction — 
_of the river by pier encroachment would produce an undesirable increase in 


“tidal velocities. Experience has shown ‘that the apprehension was not well 


founded. Whether such increase in cross-section as may have occurred, should 
ascribed to the contraction or to other causes is an open question. Aside 


_ from 1 the dredging done by the Federal Government, scour from ships’ pro- 


pellers- may ‘be a material factor. This waterway is extensively used by the 


a 


a 


™Maj.-Gen., U. S. Army; Chf. of Engrs., Ss. Army, Washington, D. 
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1988 MARMER- ON HUDSON RIVER IM 
largest whale 8 afloat. Their propellers are not far from the bottom when | 


Male 


they pass through the. channel , and the s strong currents set up have a 


the 


any nation, and the River Channel 3 is the heart of the port. 
| weber of vessel trips recorded i in the Hudson River Channel exceeds 1 200 000 


per annum. The commerce in a normal year, exclusive of car-ferry 


and cargoes in transit, is about 40 000 000 tons, with a value of approximately 

000 000 000. than 10000000 persons a are transported yearly over 
“the channel. ; The cost ¢ of maintaining the channel averaged $125 000 per year - 

: during | the five y years, from 1927 to 1952. 2. Tt is obvious that the - exigencies aa 


wal 
of. commerce completely ov overshadow an any - engineering x problem of aeiiaiiies 


A comprehensive : study of collisions in New York Harbor shows that dur- 
‘the five years, 1926 to 1930, inclusive, 18 collisions occurred in ‘the 
‘Hudson Riv er Channel, 6 vessels bei ing sunk by collision . The average — ; 
from collision in this section of the harbor exceed $300 000. 


‘These figures show why it is that. the War Department, in the 


“tration of the laws for the protection and preservation © of the navigable 

waters” of the United States, is not inclined to view with favor the proposals — 

advanced from time to to further constrict: the width of this great 


avenue of commerce. 


LA A. Marmer,’ Am. ‘Soc. C. E. (by letter) “In this paper four theses 
are put forward by ‘the author: (1) That ‘suecessive encroachments on the 
j navigable fairway of the Le ower Hudson have s set in action natural forces : 
a 


x= 


have the river bottom; Q) that this scouring has been 


actually incre eased ‘the area of the waterway ; (3) “that 
_ range of the tide in the river has remained practically constant, in spite of the 
extension of -pierhead line into the channel of the river ; 
velocity of the tidal currents: has actually decreased. 
Taking up each of these in 1 turn, the author’s analysis the 
1 changes of the sectional areas in various sections of the Lower ‘Hudson, 
as presented in Tables 3 and 4, clearly proves the first thesis. 7 This. analysis” 
i brings o out the fact that an increase in the depth of the river has taken ‘in 
coincident with the advance of t the pierhead lines into the ¢ 
‘These tables at the same time show that the increase in depth has’ more 
i than ‘compensated for the restriction in width due to the extension of the c. 
_pierhead line e into the channel. As between 1855 and 1930, Table 3 shows 


‘that the average cross-sectional area has increased from 130590 “sq. ft. 


137 010 sq. sq. ft., an increase of 5 5 per cent. Of this increase only 2 2 560 sq. ft., 


or 2%, was due to dredging. second. of the author’s theses, ‘namely, that 
Chf., Div. of Tides and Currents, U. 8. Coast and Geodetic Washington, 
Recelved by ‘the Secretary August 11, 1932. 
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scouring been « al such magnitude as to have: increased the aver rage. 


= -sectional area of the Lower Hudson, is thus us established. is to be 
10ted, however, this incre ease in cross- -sectional area is” an in average 


preending end that for seven ‘of the eighteen sections 3, the area now is less 


_ than i in 1855, in spite of the dredging that has been done in these sections. a 
The third” thesis, that relative to range of tide » presents a a much more 


diffic alt question ‘than that centering in the change of area of cross- ‘section, 


because the latter can be determined readily from the charts showing the 
hhydr graphic features of the Tiver at di different dates. However, the range 

of the tide at any pla ice varies from day to day » from ‘month to month, and 

_ from year to year. - Quite apart from the effects of w ind, weather, , and fresh- 
ater run- -off, the: var iations in range go through various cy cles, , with periods 
up to nineteen years. It follows, therefore, that two series of observations 


made at different times at the same place will give different ranges of tide, 


= 


unless these observations i in each case | cover a period of nineteen years, ‘7 


connection with: m engineeri ng oper rations, it it is tical to. 


observe tides over periods « of nineteen years. 


%@ 


over much 1 shorter periods of time—from a a a year- the 

& derived from these observations are reduced to mean va alue. 
the open coast, or in large coastal bodies of water the range of the 
tide from a given series of observations may be reduced to a mean vi alue 


either by comparison with | ‘simultaneous observations at some primary tide 
station, or by the use of a factor, depending on the longitude of the moon’s 
node. Investigation proves that even ven from "so short a a series of 
as a month the value of the mean ‘range can generally be determined correctly _ 


For ides rivers, however, the determination « of the mean range 


i ch more difficult than on the open coast or or in large bays or sounds — 
because, in pele to » the fluctuations in range due to ‘purely tidal causes, — 


there are the fluctuations arising from the variations in fresh-water run- -off. q 


In streams carry the drainage waters” from large areas, the vi aria-— 


~ tions in range due to the fluctuations i in fresh-water flow are frequently much 
8 sreater than those due to purely tidal causes, eh 


Iti is obvious , therefore, that ' the determ nination of the mean rar ige of tide ; 
: at any point in a tidal river from a s short series of observations is far from 


a simple matter. Theoretically, it is possible correct the range for 
the fluctuations in fresh-water flow; but practically this is not feasible for the 


simple r ason that the data requisite f for this are not at hand. Ae 

a In the Hudson River, the fresh-water flow, as a a ‘rule, is greatest in the — 

spring months and least in the s summer and fall months. The true tidal 


~ 4 "range, therefore, can be determined more accurately from o observations cover- 


ing the summer and ‘fall months, when the disturbing effects of | the fresh- | 
flow are least. “In Table 5 the the mean range of the 


i 
i 


tide at Yonkers, N. for a “number of years as determined from 
tions covering the three months of July, August, and September. | This table 

illustrates clearly that ina tidal river the range of the tide derived from | 


- several 1 months of observations and reduced to a mean value by correction — 
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932. ON HUDSON IMPROVE ME ENTS 
for the lo e longitude of the the moon’s node, will exhibit: fluctuations of 0.4, or even, | 


0.2 ft. , from year to year. 


fluctuations in the values of the mean range are to be. to 
difficulties involved in the | observations themselves, and to fluctuations arising» 


oO 
_ 


from the effects of wind, we vather, fresh- water run- off. follows, there 
ore 
‘that if from observations at any point in 1 the Hudson River a difference 
on, 
ong in the me: in range of as much as 0.1 or 0.2 ft. is found, as between two years, | 
‘. it cannot be concluded that this difference indicates a change in the range > 


at that place. sh The author concludes s that the | > data of Table 5 are indicative = 
the constancy of the range at Y onkers. 


While ‘the range for one year in Table 5 ¢ cannot be considered ball 


giving the range to better thar an 
oof three years is obviously a much closer approximation to the mean — 
than any one year. If from the data of Table 5 averages are formed for 


3 year groups, the following hapa are re derived a 


It is a str iking fact that each of the values for the 3-year groups s hows 
an increase range Thi 1910 to ther between 1910- 
ed to such 


that, on the basis the Table 5, there has been 


iner ease in range ‘of tide a at Yonkers between 1910 and 1929, of about 0.25 ft. _ 
iT able 5, it appears that there has been a decrease from about 4. 0 ft. in the 7 
_ Fifties, and 33 ft. in’ 1898, to the present value of 3.55 ft. To evaluate, 
a properly, the effects of the extension of the sierhead line on the range of 
the tide, it will be n necessary to consider these changes ba range in greater 


n numerous difficulties. ‘addition, at any 
point ; changes from day to day. In part, this change is of of a broreovaterton 
similar” to that in tides, and, in part, it is of a non- -periodic nature, due to 
fluctuations in wind, weather, and fresh-water m ‘run- off. A further eomplica-— 
_ tion arises from the fact that the current in any cross-section varies —~ 
be a4 To determine whether o or not there has been a any ny change i in the tidal cur- om 
‘rent in ‘a river, from short serl ies of observations made at different nent 
is s thus not a simple matter. ig To begin with, the observations must be ‘made 
the same point, in order that differences to differences in position 


not be introduced ; and, in the place, t the results 
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“HUDSON RIVE MENTS Discussions 


The current observations that have been made in the Hudson River, 


have been primarily for the purposes | of the mariner, and to bring o out the 
local peculiarities at different points. These obser vations, therefore, , do not 
& lend the emselves res adily to determining whether or n not there been a 


change ‘in the velocity of the current consequent on the extension of the” 


pierhead line into the channel. 
The author concludes that the mean tidal current velocity must have 


decreased as a result of the pierhead | extension into the Hudson, inasmuch — 
en -sectional areas have increased, while the range of the tide has — 
remained substantially constant. — This is a logical deduction in so far as as the 


tidal current alone is but the Hudson River also serves as 


channel. for the drainage waters | from large territory. These drainage 


waters set constantly seaward, giving ‘Tise to tidal current, which | 


"Since the dr drainage waters are less dense than. brought 


* the tide they tend to remain on the surface. This is “evidenced | by the _ 
fact that, in the ‘Hudson River, the velocity. of the ebb current is gre: — 
“wi the flood near the surface, while below mid- depth the flood current is: 

equal or frequently even greater than the e ebb. ‘. A deer ase in n the width of 
the channel, therefore, will decrease, in effect, the cross-sectional area of the 


channel for the drainage waters and give rise to” an in nereased velocity for 


In assembling discussing the data bearing on on this problem of the 
improvement of the | ‘Hudson River, the author brought forward 


engineering pr sroblem which ‘merits much résearch than 
= 
been given it previously in this country. 
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APPLICATION OF DURATION | CURVES 


MEssrs. PAUL F, KRUSE, DONALD H. MATTERN, JAMES E. 
STEWART, JOHNSTONE, L. T. Guy, AND JOEL D. JUSTIN. 

—This paper presents an 

interesting application of “graphic: method analyzing certain hydro- 
electric pr problems _ commonly known as the “ duration curve method.” Instead _ 
of of plotting the duration graphs in terms: of water flow and time, the authors 


go a step farther and plot them in terms of power flow | or power rate and time. 


What appears to the writer one. of the chief advantages of this 
cedure over the ol older flow- duration curve method for studies, as ‘those 
depicted by the au authors, relates to the factor of head. The power capacity 
or rate available at any water-power site is a function of the product of the 7 - 


and the head through which it falls. tn the use 


tion of two ‘or more on different or at different sites on 
, same stream, the head available at each site must be taken into account and 


“separate » attaiaaietiinais: tania be made to obtain the power capacities s and the 


energy that can be secured from the combined development. de uxt aoe 
ert By translating ‘stream flow into power rate at each site and plotting ne 


7 4 against, time, thus taking - into account the factor of head before plotting ‘the 
7 for two or more sites | may | be directly applied 0 one to “another for ‘the purposes - 

cited of. obtaining the ‘combined energy output of the or ‘more Plants” 
under consideration and the capacities required in each plant for such com- 


bined operation. ‘The “ordinates of the output- -duration curve being i in units P 
of power and the abscissas in units a time, the area under the curve represents 


energy, and the area” of any one diagram may be transferred or applied ‘eg 
any other diagram o e same scale. 


als Nore.—The paper by G. H. Hickox and a O. Wessenauer, Juniors, Am, Soe. C. E., a 
was published in May, ‘1932, Proceedings, Part 1. This discussion is printed in Pro- 
ceedings, in order that the views expressed may be brought before all members for 
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term, “flow duration curves,” in the authors’ statements of 
tages,” is to been used er roneously. As stated in the paper 


under Ze ase 1, “flow. duration curves ai are ‘not used for determining 
‘output rate and plant capacity; hence, they need not be constructed.” 7 he 
~ authors’ procedure is sufficiently novel and noteworthy to warrant the use of 


terminology consistent with the analysis which | expresses 0 implies the 
is 


-_advantag we relating to the factor of head, and to this end it suggested that 
it may well become known as the “ output duration curve,” as used ‘elsewhere 
in the paper by the authors, or more specifically the “power rate- duration | 


ap H. Marrery, ‘Jun. Am. Soc. C. E. (by letter).**- —The authors are 
to commended for their presentation of this new application 
earves, Their ex xamples at ably demonstrat 


= 
= 


utilization of the the water could not | be accomplished | by the method | suggested by 


It would be interesting to learn why ‘ ‘output in kilowatts” was used 
dl ordinates i in all their work instea d of “eubie feet per second.” It seems that - 


a, 


to use the basic factor would aid in keeping the fundamenti al object in min 
namely, ‘utilization of the water flowing in the stream. Use of “cubic feet 
‘per second” ould» eliminate the reduced effective heads: that result at 
high- -water periods in, the case of a plant at a storage ‘reservoir, when 
depletion or filling is in progress. Changing un unit efficiencies under different. 
head and operating conditions would al also then be eliminated, with a resulting — a 
of accuracy and usefulness of final results. 
is true that: this m ethod is used for. preliminary purposes only, but | 
the work necessary to secure these benefits entails additional effort. The 


- writer has used both types of ordinates i in somewhat similar studies and with _ 


those with plant operation, and he has come to the 


computation and the hidlieves that this a notable 
in the | application of analysis to. hydro- electric studies. 


e to 
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JOHNSTONE ON HYDRO- ELECTRIC STUDIES 


‘game results as by the use of method, with 
the: great advantage of having such r ry form 
and accomplishing the work in about one- fourth the time ne ccessary with the = 
-hydrograph method, aided by the fastest computing machines, 
Checking time is as much as. time, — 


results are needed before complete checks on computations ¢ can | be made, 


the results obtained by the duration ‘curve method, on the average, can be 


- 


depended upon to be more nearly free of error than when carried out by the 
-hydrograph method. This to the practically self- checking features of 
is believed that any hydro-electric engineer who thoroughly masters the 
duration curve method will “never return to the hydrograph method, except — 
_ perhaps for an occasional “spot? check. i The difficulty in bringing about the 
“universal use of the duration curve method for the type of hydro- clectric 
problems outlined in the paper, does not lie in the method or in any particular — 7 


difficulty in learning Ite. ‘Rather the difficul ty lies first, in human nature which = 
inherently slow to adopt anything new no matter how ‘meritorious it may 


be; and, sec second, to the fact that unless the studies are extensive there will be 
in time to the time used in learning: the duration curve 


method. 


until: pen ation method will ‘more laborious older 


“methods wherever it is applicable. 


r 


Don Jounstone,* Am. Soc. C. E. etter). the 
presented : a method of hydro-electric investigation entailing 
than the old hydrograph method ‘seareely to be questioned. The severe 
limitations imposed by two o of the basic : assumptions, however, reduce its use- 


fulness considerably, , and the e writer believes that | those cases to 


which it is applicable, a study by means of mass curves: w vill yield the same 
‘results with less effort, as no re-arrangement of flows ‘out of chronological 


The assumption that the streams under ‘consideration, have the same ne 


e 3 tribution of flow should be discussed further. The authors: mention that the _ 


hydrographs of tributaries of the Cheat River are “strikingly similar” 


_ to those of the main ‘stream ; yet no ‘two streams have exactly similar hydro- 7 
graphs, 3 and it is becoming increasingly important, with the development of 
systems” involving plants located 100 miles or more apart, to be able to study, 
“quickly and -electric possibilities on streams with widely vary- 
_ ing hydrographs. _ ‘Just how much variation in characteristics can take place 
- before the method becomes inapplicable? — ‘It may be mentioned here that aan 
' _ systen m study by means of the mass curve makes allowance f for any variation 
flow distribution which may exist between | the various. 


ever, is the third, requiring “that the storage available at each reservoir” | be 
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The ‘assumption which causes the greatest Timitation of usefulness, how- 
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JOHNSTONE ON -HYDRO-ELECTRIC STUDIES Discuss ussions 


“unlimited. ae The writer’s experience has been that it is a rare case in which 

‘Sufficient ‘Storage is available to regulate completely the flow of the stream. 


Still m more e rare is the e case in which it would be economical ‘to use. that 


amount: of storage. In general, topographic features set definite limits on 


_ the amount of available storage, and a method which permits of starting: 
from: this ordinarily know n point (as does the mass-curve method) has a far 


wider range of of application than one which entails | a basic which 


a Furthermore, it should be emphasized that, having assumed unlimited 
‘storage at a reservoir plant, it is necessary to make _a “stab in the dark” in 
selecting the average effective head to be applied to its discharge. The vel 
tion may be so. far from the actual value that a repetition | of the study will 
almost imperative ; study is begun with a definite assumption 


concerning storage, however, the average head— and hence the T power rate— 
can be arrived at very closely in the first trial, as will be shown later, 


all ee The method | as presented by the authors may permit | of some simplifica- 


om” tion. For example, in n determining the s storage reservoir capacity in Case 1, 4 


considerable unnecessary work has been done. As the total demand on stor-_ 


age (represented in Fig. 3 by the area, , MD N) known, and the e date of 
a maximum -_draw-down is determined from a mass curve, there i is no apparent 


reason, in the example given, for re-arranging flows in order of magnitude. 


_ All that is actually required is to add the inflows occurring between full 
3 reservoir and the 1 point of gemuaees draw- down, and subtract their : sum from 


ae it is apparent from the authors’ ? paper that the applicability of f mass- 


carve methods to system studies i is not generally appreciated, | and as the : — 


ds are the cases covered 


to in ‘sufficient | detail te support his ¢ 


, sae common Rippl mass-curve serves for the study of a igi plant. 


system operation is involved, the ‘ “mass-curve of equivalent flow” “must 


be introduced. Its construction is best explained by an example. 
Assume system of three hydro- electric plants located along a dein 


stream. Let the actual (natural) flow at Plant No. 1 Gn acre- -feet per 


month) be designated On the discharge the second plant 


the 2 hypothetical flow at the 1 up- “stream plant, which would 
"required to produce the same amount of “power if no down inflows 


occurred. This quantity, designated Qc, is, therefore, 


fe (Hi - + A, + H;) 3 Chit 


for each Qe is the flow at the up- 
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ST 
by the through which that increment, can act to the total 


head in the system. The 1 mas curve of oe flow is plotted from the 


successive: summation of of Qe 


As the « curve has been computed in acre- feet, storages can be applied to it 
as to | an ordinary mass curve, and there may be one reservoir in the system, 
or more than one. It is only necessary to to remember that ——— 
storages must be u used; that is, t the storage capacity of each reservoir ool - 
be corrected by the same factors 1 which were applied previously | to the flows. 
‘Then, , suppose a reservoir of 100 000 acre- -ft. capacity to be located at the 
_ uppermost plant, and another of equal size at the second plant. _ If one-half 
developable head of the stream occurs at the up-stream then the 
water | ‘in the second reservoir is. the equivalent of only 50 000 acre- ft. at 
the upper plant, and the total equivalent storage of the 
The mean ‘equivalent flow to which the | 
determined in the same manner as the flow. the ‘mass 
curve. The total power (prime) is the » product of this flow, the total dered 
of the system, and the proper factors for conversion to kilowatts. wl 


c The demand on equivalent storage in any month i is obviously t the difference 7 


the equivalent flow for the particular month, ~The ‘storage “requirement 
\ ae then divided | among the va various reservoirs according to some fixed rule. | 
t In the example already introduced, suppose it has been determined that equal - 


quantities . should be. dr afted from the two reservoirs, and that in a certain: 


to 


month 10000 acre- -ft. of equivalent storage is necessary the maintenance 
of prime. Then, if Q is the actual quantity ich reservoir, 

. Q +4Q =10 000, and Qo is 6 667 acre- ft. ¥ (N ote that 6667 acre-ft. drawn 
from ‘the lower reservoir has an “equivalent” > value of 3 333 acre- -ft., , Since it it 


acts through only one- -ha total head of the system. 

‘The ne “next in the study is to “correct. the: ‘natural flow at each plant 

by ‘the draft or storage from all "reservoirs stream therefrom. The 


me required i installation at each plant is determined | from the maximum regu- 


lated flow computed to occur at that point during a a draw-down period. (The a 
. maximums at the various plants are not necessarily simultaneous.) a Second- 7 7 
7 ary output can also be calculated from the tables of regulated flow. bales 


All the information required has thus been found by using 
method unhampered by the requirements | of similarity of flow and ‘unlimited | 


stor rage, & and without the necessity of going through the tedious work ¢ work of ¢ con- 
A claim for the author's method is that when the work is completed a 
good graphical ‘representation is obtained; but although it may be good from. 
an engineering - viewpoint, it is likely to be unintelligible to the layman. As 
the ‘purpose of a study of this nature is primarily to interest, persons other 
than engineers in a project, the study—not only the results, but the method 
as well—should be made | easily comprehensible; and it should be recognized © 
definitely that few curves are more abstruse an and confusing than duration 


curves. There is a lay tendency (unconscious, perhaps, but perhaps, there- 
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JOUNSTONE ON HY DRO-I EL E ‘LECT RIC STUDIES 


fore, all 10r look upon abseissas as” representing time | in 


chronological « order- it ‘require es a specialized study to understand graphs 
_ which are not prepared in this manner, — On the other hand, both the mass 7 


7 a re and the hy ydrograph have the char: duit abscissas which | make them 


readily understande able to the layman; the mass-curve study: is direct, requires 


repetition of trials, and its results ean be transferred to a 
q presentation if that is desired. 


_ The effect of head variation at at ‘reservoir plants was omitted f an 


Seeera ee as a matter of det ail . Tt would be interesting, however, to a 

know how they propose to handle it. . As far as the writer can see, the only 
way to bring head variation into account is to make an analytical study on 


at least a ‘monthly m mean flow basis. I Tt. becomes quite important, then, 


os an analytical study is. out of the question, to make the proper assump- 
tion as regards average effective head to be applied to 1 reservoir pla ints studied 


by duration curves or mass diagrams. | ; ‘Any error in this 4 


ssumption int 
duces the same percentage of error in the calculation of prime rate. 


‘ 
45 = 
The average head during the critical period (which is the head that must 7 


be ‘used in ‘setting the prime rate) is not as great as the average operating 


Bo for the entire period of record. The two common assumptions eoncern- 


4 ing the Jatter—(1) that average banned equals. gross head less one- third n maxi- 
ad equals ; er oss head less draw- \w-down 


corresponding to 50% capacity—are ‘satisfactory for the 
pose for which they were intended ; that is, for determining the proper 


Gnstallation head for the turbines. hen applied to duration-eu -curve 
mass: ‘curve ‘Studies: of the critical period they will indicate prime rates higher 


could actually be maintained with h the useful storage assumed. i 


‘Table 2 was compiled by the writer to aid in the selection of average 


head. As this head both of the shape reservoir and of 


TABLE 2.—R. oF AVERAGE Draw- -Down Du RING TicaAL P ERIOD T 


 Maxrwum Draw-Down 


Average hs 
Gro -|Maximum! = Q, in CAV Length of 
roir ka head, draft, | cubic vattm | nead, i draw- | Ratio period, 
second 


3) 


in months» 


being made on the basis of similarity of conditions with those of some plant — 

__ ‘The following will explain the entries it Table 2 2: 

static. at full ‘reservoir; Column. (2) is the draw- down at 

of the critical period; values in Column (3) were computed from the analyti-_ 4 
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Quy ON EL LECTRIC STUDIE 
— by- month discharge requirement 
rate of Column (4) ;C ‘olumn (4) is the : rate, in kilowatts, maintained pel 
_ the « critic val period ; Column (: 5) is. the head through which the average quan-— 
tity - (Column (3))_ would have to pass to maintain the rate listed in Column 


rom and ‘similar ar “observ ations the writer has “concluded ‘that the 
average » hea d at 2 t a reservoir plant: during the critical period should | ‘usually — 


be taken as the gross head Tess 55 to 609 o of the ‘maximum draw-¢ -down, for 
3 


In Reservoirs Nos. 4 and ‘5, regulation extending over more a year 
was- invol ed. d. It happened that, in both ca cases, , the demands during the — 


q first year were ‘relatively small, the reservoir “maintaining a fairly high level 
throughout the year, but failing to ‘fill on account of low flows during 
usu: il peak months. he | average draw- down for the entire period is 
proportionately less, and the average head higher than for the first. three 
eases. Had the maximum demands" come in the first year of ont the oe 
| 


ditions would have been reversed. 


T. Assoc. AM. Soo. aE (by —An i interesting 
“manner of 1 using th the duration ae e, in n solvi ing the various hago a. 
As stated, 


_ tions, and the authors stress its advantages over “cut-and- try” hydrographic 


has its pertioular ation in the case of preliminary investiga- 


However, for the determination of of storage capacities and the ca 

storage plants, the writer cannot se see ‘that the “duration curve” has 


to the writer’s notice by a Ne orwegian engineer, is shown in Fig "This 


method been found to have several advantages, ¢ and is to be 
not generally well known. _ Fig. 8 is plotted from the mass curve of a stream ; 
for which records are re available over a period of thirty- -nine years, including : 
or three p per iods of extremely dry flow. w will be noted that these curves 
the storage “necessary t to maintain “desired regulated 


flow. 


4s clear tha can be used, not only for the stream. to which 
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from full reservoir to full reservoir. determination of this period neces- 
gitates the plotting of the mass curve and, having this curve, the duration 
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same flow characteristics, where records over: long periods: may be 
In the State o of ‘Victoria, Australia, ‘many of the streams remarkably 
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Regulated Discharge in Percentage of Mean Discharge 


8.—REGULATION CURVES FOR MiTRA RIVER, 

similar flow and may readily be grouped “togethe i 


manner when m making investigations. ‘means of ascer- 
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plotting uration « curves. 
4 


make to the. mass curve than 


| “resort ‘to the duration- -curve method. In the case of ‘the mass curve, the 
ffects of each step in any such are while for the 
‘tion curve, they would not appear to be s so simple. 
hile the writer prefers the mass- curve method the determination 
storage: problems, the fact remains that the duration | may also 


place i in this, regard, and is undoubtedly essential when dealing 


“pun- of- -stream” pl ants. In ‘many cases, a combination of the two methods 


an excellent means of solving the problem. 
Jor LD. Justin,’ M. Am. Soc. C. E. (by letter) a a wide range of 


problems involving load, steam and hydro- -electric power, storage, stream flow, _ 
_ and various combinations | of these factors, the duration curve is a time- | 


saving and convenient tool, worthy of more general acceptance | Gun it a 
received. Th2 interesting paper by Messrs. Hickox and WwW essenauer should 


_ serve: to make a a larger n number of engineers familiar with the advantages of 
these curves. "(Although duration curves have been used by some engineers 


Z connection with problems very similar to those outlined by the authors, 


= is probable » that the precise manner of application which they present is 


= Economic considerations are tied up so intimately at every. step 


studies of this: kind it is impracticable to diminate “cut ‘and try” 
“methods entirely. Thus, after making the various assumptions | ‘required 
such a study, computations are made, curves are drawn, and “required” 
storage 0: or installation is determined. installation or storage deter ‘mined 
_ by the methods outlined | by the ‘authors may not ‘prove t to. be economically - 


feasible. For this ‘reason, it is well to constantly in ‘mind the economic 


that relatively cheap storage. is it is 
desirable to be able to turn out, as much primary ener ‘zy as possible. With a 


modern _ interconnected | power systems served | by both | steam and hydro- 


electric plants, sufficient storage to provide ea large amount of primary energy , 
might be ‘an economic waste. Practically the entire function of storage 
such systems is to provide enough primary energy to make the capacity of 
the hydro- electric. plants ‘firm that is, to make it ‘capable of ‘per- 
forming the same function as alternative steam capacity. 
Fig. 9 chows a duration load « curve for the peak December week of a typi- | 
eal power counpany, having a peak | load of 100 000 kw. The load factor of 


4 the curve is approximately 53. ‘per cent. To assume a simple case, there 
4 only on one hydro- electric in this system having a a capacity of 30 000. kw., 


= 


= 


— Hydro-Elec. Engr., U. G. I. Co., Philadelphia, Pa. 
Received by the Secretary August | 2, 1932. 
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JUSTIN ON HYDRO-ELECTRIC STUDIES Discussions 
= 


og - a pond of ‘suffice sient size to provide weekly regulation, and there a are also 


several steam pk ints. From this curve, it is found that b me asuring dow 


the peak, 30 000 kw., the cross-hatched area containing 360 000 Aew-hr. 
cut off. If at the hydro-e lectrie plant there are at least 360 000 kw- v-hr. avail- 

able a week of minimum December ‘stream flow at the , plant, , then the 


atire 30 0 000- kw. v. installat ition will be firm capacity. Although tl e capacity 


ae - 


factor of the hy dro- electric plant for the week w vill he only. 


Additional ; primary energy in excess of the 360 000 kw- hr. required, 
have had value of ‘stea am- ‘gener erated energy. 


the same work that alternative steam capacity could. do. 


would 
_ Howe ever, 


I firm hydro-electric capac 
"those described by the authors this fact te in mind, 


pit “? 


ow. 
8 analy, al wai 


= 


4), 
¢ 
e] 
‘SEC! 
Total Energy Output for Week = = 
© 
has done que 
port 
asw 
= 
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Qu 


q Jowany Skytte,” Assoc, M. Am. Soc. C. E. (by letter). "According to 
_ the report, the s fe He ct of the lengthening and shortening of columns 


WIND- BRACING IN STEEL | BUILDINGS 


SECOND PROGRESS REPORT ( OF SUB- COMMITTEE oe 


COMMITTEE ON STEEL 
OF ‘THE STRUCTURAL DIVISION 


‘ due to their direct stresses should be e investigated for tall and narrow build- 
ings (see unc under a A “Method of Analysis of Shallow ‘Bracing Systems, "8 and — 


Conclusion for ‘practical reasons it would scarcely be possible to 


a portion 1 the different members so that , theoretically, the joints at at any ‘floor. 

were maintained in a straight line. "Howev er, any distortion - tending to bring — 


the joints out of a straight line will produce such internal shear forces 
as will Ww work « against this deviation and will have a great reducing effect. ‘The 7 
writer believes »3 that, provided the engineer— due ‘consideration of p prac- 
g tical limits—will proportion the different members, a straight- -line variation 


for the joints be Then, the analysis will be as” 


in the but no in ‘columns. ‘The shape of the. elastic 


line of the deformed bent will be shown in Fig. 34. inspection of 


Figs. 34 and 3 35 shows thats 


The girder moments have signs opposite to — by the 
shears from the lateral load, and, “consequently, reduce these 


moments and can be neglected ; 


- Nore.—The report of Sub-Committee No, 31, Committee on Steel, of the Structural | 
ee... on Wind-Bracing in Steel Buildings, was presented at the meeting of the Struc- 
tural Division, New York, N. Y., January 21, 1932, and published © in February, 1932, 
_ Proceedings. ~ Discussion on this report has appeared in Proceedings as follows: May, 

by Messrs. L. J. Mensch, Robins Fleming, Rudolph P. Miller, C. M. Goodrich, ie 
o- Hugh L. Dryden, L. E. Grinter, P. L. Pratley, Frederick Martin Weiss, and 


A. J. Hammond; August, 1932. by Messrs. David Cushman Coyle, S. P. Wing, A. H. Finlay, — 
J. D. Gedo, V. A, Vanoni and M. P. Whi te, and Spurr; end September, 1932, by 
‘Messrs. 0. G. Julian, and Jacob Feld. 

a. <a. Hydr. Engr., Hetch Hetchy Project, San Francisco, Cali 
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_SKYTTE ON WIND- BRACING IN STEEL BUILDINGS Discussions 


L 


will bend as long independent cantilevers from the 
introduced by the girder shears, Xa, X», Xo,..., and, 
consequently, have a bending» moment “equal to zero at the top of 
the building and increasing toa maximum at the bottom; and, 
- ‘The vertical displacement of the joints consists of two parts (see 


35), 1 namely, the and 2¢, 


deflection, thus: 


2 + &) = =2 
Gn addition to the notation of the report), = vertical 


of joints; d= change i in ‘slope of. tangent elastic line; = girder 


Assume that the displacement, ¢, is caused | rotation only. This" 


will almost be the ¢ case as the cies shears must consist of small forces and 


columns as long cantilevers. 


ier} 


Le = radius of curvature for the elastic of columns ; 


ie Sd of building to point u under consideration; and y = horizontal | 
displacement of ‘point under consideration. hen, the well- known equations 


for the elastic line give: 


7% Equation (14), C is always less than unity ; however, in this case, let s 


=1; = lateral load on bent foot of height of = gravity 


| 


a 


— | 
. 
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ON WIND- BRACING» IN STEEL BUILDINGS 


oad on outside column per | foot « of height of building; feoo= average compres- 7a 
in outside column from gravity load; H= height of building; sand 


va = width building. | Substituting from E quation & Equation 


a), $= = fay (2H 2) and by differentiation ; 


wi fog x ) 


rom E ‘quations 


i the equation for ae elastic Tine. 


As an ‘example, consider « a building 500 ft. tall, having a width of 60 a - 
fog = = 12 500 |b. per sq. in. Sa = 216 it; = 450 Ib. per and 


450 X 12 500 x 500? 


=4 000 ft. ‘Equation (14). gives, = 


41 
q 
4 
a 
> 
| 
which & 
> 
— 
% 
ity q > 44 
| 


TTE ON. WIND-BRA AC ING STEEI EL BUILDINGS 
£000 x 30 10° x2x 60X15 
912- Ib. 


450 12 500 x 


If the heaviest column in the bottom: story is. a 16 
consequently, 
730 0 000 in- in-lb, 


-colum mn 


23 948; s = 1901.4; and, 
50 108 x 23-948 

M=-: 
x 76 500 


a? 
= Ib. 


780 000 


‘4 


“that the ‘stres ses caused by the secondary effect might be “somewhat higher 
in the design 


than ‘shown n in the example (due to > slight deviation from a straight of 


the wisdom w ‘Il és te share to insignificant. 


joints a 


Discussions Po 
nd from 
| | 
~ 
| all 
ea 
to 
| fe 
m 


OCTOBER, 1932 


“APPLICATIONS FOR ADMISSION AND FOR 


The Constitution pr rovides that the Board of Direction shall elect or reject 


all applicants for Admission or for T ransfer, and, it in order to determine e justly — = 


the eligibility « of each can ndidate, th the me must depend largely upon the — 
be Membership for information. ome 
a This list is issued to members i in every grade for the purpose of securing 
all such available information, and | every member is urged to scan carefully | . 
each monthly list of candidates and to furnish the Board with data i in regard _ 


ma any applicant which n may y aid in n determining his eligibility. It is the Duty 


, of all Members to the Profession to assist the Board in this manner. = 7 ; 


is especially urged, in communications concerning applicants, that a 
Definite Recommendation as to the Proper Grading in Each Case be. given, 


ao as the grading must be | based upon ‘the epitome: of those who know 
the applicant pers rsonally, as well as upon the nature and extent ‘of his pro- 
fessional | experience. . facts exist derog gatory to the ‘personal character or 
to the professional reputation of an applicant, they should be promptly com- 


_ municated to the Board. _ Communications Relating to Applicants are con- 


sidered by the Board « as Strictly Confidential. 
"The Board of Direction will not consider the applications herein con- 

‘tained from re residents of North America until the e expiration of thirty (90) 
- days, and from non-residents of North America . until the expiration of ninety { 


days from October 1 15, 1932, 


Length of Responsible 
"General Requirement A of ye charge of 
7 


Qualified to as wellasto 
direct important work years 


Qualified to direct work 


Affiliate ments practical experience 35 years 


Contributor to the permanent ¢ 


Bie * Graduation from a school of engineering of recognized reputation is equivalent to 4 years active 


‘> Membership ceases at age of 33 unless transferred to higher grade. a ke 


{ 
4 
| 
nd 
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a 
of 
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The tact that applicants give the names of certain members as references 
does’ not necessarily mean that members 


ANSON, EDW ARD HIRAM, New ‘York City —_ ORD: ANIE R, JOHN: WE WEDG woop, en 
(Age 29). Asst. Engr. with Gibbs & Hill, City, Nev. (Age 22) Asst., 
Cons. Engrs. Refers to E. iH. C Sameron, Concrete Testing Laboratory, U. S. Bureau 
R. Hill, W. Hudson, O. G. Julian, of Roads. tefers to M. Snyder, J. G. 
BOLIN: ANDRES, Jr., L egaspi, Albay, RUNWELL, (GIL BERT TT TERFIEL D, 
Philippine ‘Islands. (Age 34). Civ. Engr., Punta Gorda, Fla. Rodman, 
Surveyor and Contr. ers: to #.. Geological Survey. Refers to Ss. 
Campbell, M. Cruz, Garmezy, Segura, ‘Becker, J. Canals, R. Fogg, 
BA. ‘Silagi, A. R. Webb.) vuller, Human, Jr., W. L. 
7 BoY D, om ORGE EDW ARD, New York City. > HARRIS, HOMER HENRY, Jr, Alexandria, 
(Age 41). . Sales Engr. and New York Dist. mh La. (Age 21). Refers to B. W. Pegues, 
Refers to W. W. Brush, D. W. Coe, J. E. y3 KAHAN, ARTHUR, Brooklyn, N. Y. (Age 
Garratt, M. I. Killmer, R. Ridgway, J. F. 23). Refers to R. E. Goodwin, Oo. 
-COLANTINO, THOMAS, Mamaroneck, EY, ARTHUR PAUL, New York City. 
25). Asst. Supt., D. Cotatinn (Age 22). _ Refers to W. K. ‘Hatt, 
poration. to E. Cary, L. W. Hollister, R. B. Wiley. 
"Clark, H. B. Compton, T. . Lawson, cP. LANG ER, HE JULIUS, _ Minneapolis, 
‘Rumpf, H.0. Sharp. Minn, (Age 23). Refers to F. B Bass, 
(Age 29). W ith The Wichert Continuous LINCK MICHAEL KERW IN, Syracuse, 
Bridge Corporation. . Refers to J. T. Camp- (Age 24). Refers to E. Berry, 
‘bell, D. E. Davis, F. M. McCullough, H. B. = L. ‘Mitchell, S. D. Sarason. 
Miller, G. S. Richardson, C. B. Stanton, -MONONOBE, 3 NAGAHO, 
DEWEESE, OMER LYNN, Evansville. Ind. Japan. (Age 44). 
28). Chf. of Survey Party, Indiana Office, E Station of Public W orks, 
State Highway Comm., Indianapolis, Ind. Tokyo Govt.; also Prof., Civ. Eng. Dept., 
tefers to H. N. Barnard, A. A. Cummins, Tokyo Imperial Univ. Refe rs to M. Abe, 
“a M. DuBois, W. J. Titus, N. F. Williams. Hirai, Kabashima, = Kur: ishige, 
‘DOWNWARD, PAUL HOLLINGSWORTH, Shiraishi, A. N. Talbot, J. Yamaguchi. 
East Orange, N. J. (Age 28). Hart “SCHMIDT, GEORGE EDWARD, Pompey, 
& Early Co., Contrs. and Engrs., New York N.Y. (Age 24). Refers to_ BE. F rry, 
City. Refers to E. Cudworth, ‘Mitchell, 8. D. Sarason. 
Durfee, C. Goodman, R. W. Greenlaw, C. T. i AHAN, MAXWE LL LEE, Chattanooga, 
“Schwarze, Penn, (Age 28). Refers to R. P. Black, 
FREYBERG, WOLDEMAR -oseaR, Ann F.C. Snow, 
Arbor, Mich. (Age 53).— Research SHAPIRO, SIDNEY, Wantagh, N. 
Research Dept., Univ. of Mich. 8). "Senior Park Engr., Long Island State 
fers to B, A. Bakhmeteff, J. H. Cissel, E. L. = Park Comm. Refers to J. M. Buckley, 
> gg n, W. 8S. Housel, F. N. Menefee, __R. E. Coughlin, V. Gelineau, A. E. Howland, 
. C. Sadler, R. H. Sherlock, A Stevens, T. Saville, A. O. Smith, C. M. Spofford. 
8. Worey, ‘SHERMAN, STEWART ISRAEL, New 
-FRIEDLANDER, MORTIMER ‘aurman, City. (Age 31). Asst. Engr., Board of 
Brooklyn. N. Y. (Age 25). Refers” to L. Estimate and Apportionment, Office of Chf. 
‘Eckel, E. Ww. Raeder. Engr. Refers to D. Coe, L. Durham, 
GALLAGHER, WILLI IAM JOSEPH, Daven- W. J. Shea, M. Turk, A. 8. Tuttle. 
Jechnke. Refers to A. H. Holt, _ Gen. Supt. for Myers Bros., 


Gén. Contrs. Refers to J. C. Albers, H. A. 


Mavis, F. A. Nagler. 


J. Hiller, O. S. Struthers, F. Thomas. _ 
(GEILE, WILFRED GEORGE, Raleigh, 


37) Associate Prof. and Head, 
‘Dept. of Constr. _ Eng., North Carolina State 


STRICKLE ER, WILBUR GOODWIN, Mor- 
-gantow n, W. Va. 24). Refers 
7 Vv. Carpenter, R, P. Davis, W. S. Downs. 
Colt. of Agriculture and Eng. Refers to UNDERWOOD, ERNEST JULIUS, 
H.C. Bird, C. T. Bishop, C. L. Mann, W.C. ~~ seotah, Kans. (Age 21). Refers to L. E 
“Riddick, ‘Tilden, = Tracy, Conrad, F. F. Frazier, M. W. Furr, L. 
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FROM. THE GRADE OF ASSOCIATE MEMBER 


_ Boston, Mass. (E lected July 9, 1923). (Age M., Ancon, Canal Zone. Elected Aug. 18, i 


vert Co. Refers to H. Beal, J. A. Bruce, 
W. Craig, P. D. E. Shafer, Gram, M. Osgood, H. Riggs. 
RB N. Towl, K. EB. Vogel. ‘TATUM, ROBERT LEE, Assoc. M 


HORTON, FREEMAN HUDSON, Assoc. M. Assoc. 


CL LARK, CHARLES ‘SAMUEL, Assoc. MOLTHER, FR: ANCIS RATTOONE, Assoc. 


40). With Massachusetts Bonding & Insur- 19380). (Age 39). Partner with 
ance Co. Re fers to G. D. Andrews, A. W. Morales, C. E. Refers to J. H. Caton, 3d, 


Bowie, A. . Giles Hill, R. H. R ‘Faison, R. W. Hebard, G. H. Hep- 


Hoadley, Jr., H. Prentice, Weller. burn, E. Jaen Guardia, E. J. Shaw. 


COTTON, HARRY EDMOND, Assoc. M., NORRIS, ROBERT, Ann 
_ Boston, Mass. Elected Sept. 9, 1919. (Age i] 
Sales Engr., New England Metal Cul- 


Cissel, P. A. Fellows, G. H. Fenkell, L. M. 


HALL, RUSSELL ALGER, , Assoc. M. La. Elected Junior, Nov. 8, 1909. Assoc. 
Schenectady, N. Y. (Elected Oct. 10, 1927). = Nov. 4, 1914). (Age 49). Refers to — 
(Age 39). Assoc. Prof. of Civ. Eng., Union Cc. W. Brown, P. E. Cunningham, — J. 
Coll. Refers to M. L. Enger, H. H. Jordan, “7 Ellis, C. N. Kast, C. H. West. is ; 
M. S. Ketchum, H. Miller, A. N. “Talbot. EDWARD WILLOUGHBY, 
Altamont, Y. (Elected 
> 
Cincinnati, Ohio. (Elected July 16, 1928). March 33, Dept 
(Age 35). Asst. Engr, Cincinnati Union of Public Works. Refers to H. P. ‘Barnes, 
‘Terminal Co. Refers to W. G. Brown, R, G. Finch, F. S. Greene, L. G. Holleran, 
F. W. Dencer, 0. E. Hovey, P. Jones, R.M. Van A. Huie, C. MacDonald, J. M. Mac- 
Miller, Rodenbaugh. ‘Martin, T. D. Pratt. 


FROM ‘THE. GRADE OF JUNIOR 


Pa, EVANS, WILLI AM HAROLD, Hemp- 
BARTON, HARRY, Jun. ie Bellevue, ma, & March 12, 1923). 


(Elected Feb. 24, 1981). (Age 82). Supt. (Age 32). Jun. Engr., New York & Queens 
— and Gen. Mer., Pittsburgh Suburban Water a. lec. ‘Light & Power Co., Flushing, N. Y. E 
Service Co. ‘Refers to A. ‘Refers to H. B. Cleveland, A. L. Reeder, 
Newkirk, Jr., GI A. . M. Van Camp, © Cc 
COTTON, EDWIN ROWLAND Jun, FRICKER, FELIX OSCAR, Sun, Lo 
Williamsville, N. Y. (Elected Oct. 42, Angeles, (Blected July 11, 1927). 
25). (Age 28 Cotton & Leupold, Cons. (Age 31). Asst. Engr., Quinton, . Code & 
1925). (Age Pp  Hill- Leeds & Barnard, Engrs. Consolidated, 
E ngrs., Lancaster, Refers to E. Gone Engrs. Refers to P. Bauman, L. 
Devendorf, G. C. Die hl, G. F. F isk, N. L. Hill, R. A. Hill, c. T. Leeds, H. F. Peier 
Nussbaumer, , HT. Ware, Rn. J. Salsbury, 


Board Direction will consider the in this list not 


issue, 
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SIDENTS 
Term expires January, 19342. 


-Term expires January, 1933: Term. expires January, expires January, 19. 
DON A, MacCREA CHARLES MEAD HENRY E. 
ALLAN T. DUSENBURY K. MORSE” JOHN H. GREGORY 
CHARLES H. STEVENS NRY BR. tck ROBERT HOF : 
FRANKLIN TH F. C. HERRMANN 
SINGSTAD = OD. MENDE NHALL 
L. G. HOLLERAN 


GEORG ET. SEABL RY C. ‘BEA 


ASSIS" rANT ‘REA ASU 


COMMIT T'TEES OF TIE 1 BOARD OF DIRECTION cake 


E.HWOVEY ALPH R. RUMERY 


COMMITTEES) 


A. MEAD F. COLEMAN 


STUART ARTHUR 8. 


‘ 

HERBERT CROCKE BENNY 

J.N. CHESTER FRANCIS LEE STUART 
+ 

COLEMAN AR RTHUR 8. TUTTLE 

“4 


= 


HE NRY R. BUCK EDWARD P. LUP 


ISSIONAL | CONDUCT 
RANKLIN THOMAS 
y died September 23, 1932, _ 
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OF CIVIL ENGINEERS: 

MEETINGS yi 


January 18, 19, 20, and 21, 


January 8, 1 


Morning.— Meeting. of Medals and Prizes, 


_Afternoon.— Technical Division Sessions. 


(1933: 
sxeursion. 


“eee except Sundays and holidays; from May to September, inclusiv e, it is ue 


on Saturdays « at 12: :00 a. 
Members, particularly thoee from out of town, are So cordially invited to use this room 
Yell wh on their visits to New York, to have their mail addressed there, and to — 
“Ss itasa place for meeting others. There is a file of 274 current periodicals, the — 


latest books , and the ‘room is is tables. ples. 
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